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Editorial 


Retrospect and 

T he American Journal of Medicine 
with this issue initiates its fourth 
year of publication. The editor 
takes the occasion to report upon the 
progress and problems of the past year, and 
the plans for the forthcoming twelve months. 

Friends of the Journal will be pleased to 
know that The American Journal of Medi- 
cine in the past year eontinued its steady 
growth and, indeed, appears already to 
have attained the largest circulation in its 
class of “independent” medical journals 
(i.e., journals not serving as official organs 
of medical societies) which are published 
monthly. This is an unexpected accomplish- 
ment, particularly within so short a time as 
three years. 

Gratifying as is such growth, the really 
significant fact is that this popularity has 
been achieved without deviation from the 
avowed policy of the Journal to maintain 
the highest standards in publication of 
clinical research and in the presentation of 
advanced teaching programs from leading 
medical schools and hospital clinici We 
have made no compromises whatever in 
this regard and, indeed, there is every 
indieation that The American Journal of 
Medicine has found favor because it aims 
high. The rapid growth of the Journal 
would seem fully to vindicate this stringent 
policy and to demonstrate tliat there are 
real needs at this level which the Journal 
is helping to meet, 

A feature of the Journal which has at- 
tracted widespread interest are the symposia, 
two of which appear each year. Their organ- 
ization is delegated to some authority in the 
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field selected, who serves as guest editor, and 
they are planned with great care to stimu- 
late as well as to inform. The subject matter 
usually deals with a diseipline which should 
not be but often is divorced from the narrow 
channels of internal medicine, to the dis- 
advantage both of the internist and the 
specialty discipline. Two exceptionally fine 
symposia of this kind appeared in The 
American Journal of Medicine in the past 
year, one on syphilis, the other on polio- 
myelitis; both especially designed for the 
needs of a general medical audience and 
from all accounts serving a most useful 
purpose. During the coming year symposia 
on diabetes and on infectious hepatitis have 
been scheduled and they are expected to 
maintain the high standards established 
by their predecessors. 

The seminars are invited papers present- 
ing different points of view on large and 
usually controversial issues of current inter- 
est, the final paper being assigned with the 
view of attempting to integrate the argu- 
ments previously presented. These articles 
appear in six consecutive issues of the 
Journal, one topic being covered every six 
months. During the past year two lively and 
illuminating series of seminars brought 
together the work and concepts of leaders 
in the fields of protein hydrolysates and of 
mechanisms of congestive failure, both series 
helping much to clarify thinking in these 
difficult subjects. The next series will deal 
with the newer antibotics, the first contribu- 
tion, by Dr. Waksman, appearing in this 
issue. 
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Each issue of the Journal also contains a 
review article on some topic of current 
interest. In the selection of these reviews 
preference has been given to those that 
assimilate rather than recite published data, 
presenting critically integrated and con- 
structive points of view which may be more 
original than some so-called original reports 
and certainly more helpful in advanc- 
ing knowledge and understanding; indeed, 
many of these reviews contain an abundance 
of new facts and ideas. Opportunity is 
afforded also for reasoned speculation and 
broad philosophic discussion for which a 
suitable outlet is so much needed. 

The various Conferences remain the 
keystone of the teaching effort of the Jour- 
nal. These combined staff conferences 
represent a peculiarly American contribu- 
tion to medical pedagogy, a replacement of 
the star system, limited to a solitary pres- 
entation, by the team system coordinating 
the efforts of those with special interests and 
experience. The team approach brings to 
bear upon medical prolDlems a fullness 
which one man alone can rarely approach 
and has the collateral advantage of pro- 
viding common ground for different disci- 
plines which otherwise tend to go their 
several ^vays to the detriment of progress 
botli in medicine and in the basic sciences. 
Throughout the coming year The American 
Journal of Medicine will continue publica- 
tion of the Cornell Conferences on Therapy, 
the Columbia Combined Staff Clinics, the 
Washington University Clinicopathologic 
Conferences and the Harvard Conferences 
on Psychosomatic Problems. Each of these 
conferences comes directly from the class- 
rooms of the respective university hospitals 
represented; all are painstakingly planned 
and edited to make effective teaching exer- 
cises of sustained interest. It is hoped in this 
way to continue to exploit the opportunities 
presented by the Journal to extend facilities 
for instruction at a high postgraduate level. 

An important function of The American 
Journal of Medicine is to publish the results 
of original clinical investigation. Here we 
have sought a middle ground between 


highly specialized research of immediate 
interest to very few and repetitious accounts 
of clinical experiences already familiar to 
most. The chief difficulty of the editor in 
this regard has been to limit the acceptance 
of studies of the desired character and scope 
to tlie number that could be published 
within a reasonable time. The flow of fine 
papers from all parts of the country has 
been so heavy that it has, unfortunately, 
been necessary to turn away many meri- 
torious studies simply because of limitations 
in space. Moreover, in order to ensure cur- 
rent interest it has been necessary to 
disregard the chronologic order of receipt 
of manuscripts and give precedence to those 
urgent communications which would suffer 
most by delay. These efforts have kept the 
Journal up-to-date and have resulted in a 
net shortening of the publication period but 
there is still a large backlog of manuscripts. 
Every effort is being made to expedite the 
publication of these articles. 

In addition to formal presentations of the 
results of clinical research tlie Journal pub- 
lishes in abstract form the scientific proceed- 
ings of various sections of the American 
Federation for Clinical Research, the West- 
ern Society for Clinical Research and the 
Southern Society for Clinical Research. 
These proceedings describe a wide variety 
of research activities and are of unusual 
interest. It is planned to continue their 
publication throughout the next year. 

In concluding, the editor wishes to take 
this opportunity to express his indebtedness 
to t e many who have contributed so 
generously of their time and energy to 
strengthen the effectiveness of the Journal 
in its various programs. Thanks are due 
also to the confidence and support of the 
growing host of friends whose interest in 
the Journal has ensured its success. It shall 
continue to be the endeavor of the pub- 
lishers and the editorial board to maintain 
a position of respect and affection for The 
American Journal of Medicine among the 
established medical journals of the country. 

Alexander B. Gutman, m.d. 
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Clinical Studies 


Clinical Manifestations of Intercapillary 
Glomerulosclerosis in Diabetes Mellitus* 


George V. Mann, m.d., Carl Gardner, m.d. and Howard F. Root, m.d. 

Boston, Massachusetts 


T he fact that the presence of diabetes 
mellitus accelerates development of 
vascular sclerosis in humans has 
long been well established. The excessive 
frequency of advanced arteriosclerotic le- 
sions commented upon by Aschoff, and 


death in patients with diabetes emphasizes 
that with the availability of insulin and 
dissemination of the knowledge necessary 
for its proper use the number of deaths due 
to diabetic coma has steadily declined. 
Concomitant with this reduction in coma 


Table i 


INFLUENCE OF DURATION OF DIABETES MELLITUS UPON PERCENTAGE OF TOTAL DEATHS IN DIABETICS 


DUE TO ARTERIOSCLEROSIS AND TO DIABETIC COMA 



Average 
Duration 
of Diabetes 
(yr.)* 

Deaths 

(total) 

Coma 

(%) 

Arterio- 

sclerosis 

i%) 

Average 
Age at 
Death 
(yr.) 

Naunyn 

1898 to Tune, 1914 

4.9 

326 

64 

17 

44.5 

Allen 

Jimpj 1914 to Aiigiistj 1922 

6.1 

i 

836 

42 

24 

46.7 

Banting 

7.5 

537 

21 

41 

54.3 

Jamiary^ 1 92^^ to December 31 j 1929 

8.4 

918 

11 

49 

60.0 


10.0 

1741 

5 

58 

62.7 

1933 to Hecp.mher 31 j 1936 

11.6 

793 

4 

59 

63.9 

Hagedorn 

12.4 

1229 

4 

62 

64.8 

Jpmiaryj 1940 to T)prpmhpr 31, 1943 

13.3 

1354 

3 

66 

65.0 

Charles H. Best 

14.1 

651 

3 

cn 

64.5 








* Based on cases of known duration. Deaths reported through May 15, 1946 . (Adapted from Josun et al., 8th cd. 
Treatment of Diabetes Mellitus. Philadelphia, 1946. Lea and Febiger.) 


demonstrated in the first and succeeding 
autopsy series at the New England Dea- 
coness Hospital, has been noted by many 
writers.^ The premature development in 
diabetic youths of arteriosclerosis with renal 
and retinal lesions is well known. ^ Con- 
sideration of statistical trends of causes of 


deaths and the great prolongation of the 
lives of diabetics an increase has developed 
in the percentage of diabetic deaths due to 
arteriosclerosis. (Table i.) 

With the advent of antibiotic therapy of 
infectious disease, the number of diabetics 
who survive these acute obstacles, only to 


* From The George F. Baker Clinic, New England Deaconess Hospital and The Department of Medicine. Peter Bent 
Brigham Hospital, Boston, Mass. This work was supported by a grant from the Life Insurance Medical Research 
Fund. 
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die of one or another of the diseases second- 
ary to arteriosclerosis, has steadily increased. 
However, the possibility of postponement of 
premature sclerotic lesions has been demon- 
strated by the absence of such lesions in 
twenty-eight of 1 92 childhood diabetics who 
survived twenty years of diabetes.® 

The commonest cause of death in diabetes 
mellitus is disease of the coronary arteries.® 
There is no reason to believe that coronary 
artery disease in diabetics differs in the 
histopathologic sense from the disease in 
non-diabetics. The same applies to sclerotic 
disease of the cranial vessels. 

Renal disease as a complication of 
diabetes has attracted attention first, be- 
cause of its steadily increasing frequency 
and second, because there is some evidence, 
both clinical and pathologic, to indicate 
that there may be a type of renal disease 
characteristic of patients with diabetes 
mellitus. 

Interest in nephritis as a complication of 
diabetes was aroused in 1936 with the 
description by Kimmelstiel and Wilson^ of 
unusual lesions in the renal glomeruli of a 
small series of patients, most of whom were 
known to have been diabetic. These lesions 
consisted of depositions of faintly acido- 
philic, hyalinized material in the glomerular 
tufts. Similar lesions have since been 
described many times. There is no 
doubt now that indistinguishable lesions 
may occur occasionally in non-diabetic 
patients, nor do all diabetic patients in- 
evitably develop these lesions. Estimates of 
the incidence of these lesions in diabetic 
patients vary from 18 to 63 per cent in 
sur\’’eys of autopsy material from various 
hospitals. The variation in these estimates 
would seem to be due largely to disagree- 
ment among pathologists as to the criteria 
to be employed in the anatomic diagnosis. 

Kimmelstiel and Wilson, on the basis of 
c.Kperience ^vith eight patients, described an 
associated triad of clinical findings; (1) a 
history of diabetes mellitus, (2) edema and 
(3) albuminuria. It now appears that the 
histologic lesions when found in the kidneys 
are not a specific indication of diabetes; 


neither is the presence of diabetes with 
edema, albuminuria, hypertension and renal 
failure evidence that the anatomic lesions 
will invariably be found.” 

The classification of renal disease in 
diabetics has been obscured by the tendency 
to group all patients into two groups, 
chronic glomerular nephritis and chronic 
pyelonephritis. Acute glomerular nephritis 
in diabetics has been uncommon in the 
experience of this clinic. The significance 
of this fact is unknown. There is no question 
but that diabetics, particularly females, 
are especially susceptible to urinary tract 
infections. Autopsy material has con- 
firmed the frequency of acute and chronic 
pyelonephritis. 

Because of the increasing importance of 
renal disease in the management of diabetes 
and the unusual clinical material available 
in this clinic, we have undertaken a study 
of selected diabetic patients with renal 
disease in an attempt to clarify the clinical 
manifestations of this frequently fatal lesion. 
At present we know of no curative therapy. 
Renal or coronary artery disease represents 
the greatest menace to the young diabetic. 
There is no generally accepted means of 
delaying or alleviating these so-called “de- 
generative” diseases which eventually lead 
to a fatal outcome. Control of diabetes with 
a planned diet and insulin in the prevention 
of these complications has been considered 
of prime importance but the e.xact relation- 
ship between control of the diabetes and 
other factors, such as infection and abnor- 
mal endocrine states, has not been estab- 
lished. An answer to this question would be 
of extreme importance in the management 
of diabetic patients. Indeed, the diabetic 
patient with his known tendency to early 
and rapidly advancing vascular sclerosis 
offers an unusual opportunity for the study 
of both the etiology of arteriosclerosis and 
the factors which influence the course of 
this important disease. Recently Lukens'" 
has described lesions similar to those char- 
acteristic of intcrcapillary glomerulosclerosis 
in the kidney of a dog kept diabetic for five 
years after injections of crude e.xtract of 
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beef anterior pituitary. The study of vascu- 
lar sclerosis is thus open to investigation in 
at least one species of lower animal. 

PROCEDURE 

In order to obtain an estimate of the relative 
incidence of the various types of renal complica- 
tions in our diabetic population we have first 
studied the data available in the records of all 
patients discharged from the New England 
Deaconess Hospital in the year 1944 with a 
diagnosis stating or implying disease of the 
urinary tract. All of these admissions were of 
patients with diabetes. The previous records 
and subsequent developments were consulted 
and the patients were catalogued with the final 
diagnosis, which in many instances would 
be more accurate than the original clinical 
impression. 

The data in Table ii reveal an unusually high 
proportion of patients with the clinical mani- 
festations of nephrosis, i.e., young patients with 
albuminuria, hypoproteinemia, often with edema 
and with clinical progression to hypertension 
and azotemia. To avoid the confusing term 
nephrosis and for reasons we shall set forth this 
syndrome will be referred to as intercapillary 
glomerulosclerosis. 

Since many of the patients in this clinic 
have been followed for several decades, we 
were afforded an unusual opportunity to study 
the life history of their renal complications. 
We have, therefore, selected those patients from 
the 1943 to 1945 population who fulfilled the 
following qualifications: (1) Onset of diabetes 
mellitus before age thirty; (2) duration of 
diabetes mellitus of not less than ten years; 
(3) serial examinations over the course of their 
diabetic history extending from a period when 
renal function was normal to the presence of 
unmistakable impairment of renal function or 
death; (4) clinical evidence supporting a diag- 
nosis of intercapillary glomerulosclerosis. From 
the three-year hospital population we have 
selected forty-three patients who fulfill these 
qualifications. 

Through study of this selected group of 
patients we were able to evaluate the significance 
of duration of diabetes, of degree of control and 
of severity of diabetes, in addition to the 
chronology of onset of such specific symptoms 
as hypertension, albuminuria, edema, azotemia 
and other laboratory evidence of impairment 
of renal function. 


The records of this group of forty-three 
patients were summarized in tabular form. In 
some instances hospital admissions were ar- 
ranged in order to complete the serial study. 
The data have been studied and evaluated in 
comparison with the characteristics of the 

Table n 

SUMMARY OF DIABETIC PATIENTS DISCHARGED FRO.M THE 
JOSLIN SERVICE IN THE PERIOD JANUARY 1, 1944 
TO DECEMBER 31, 1944 



No. 

Per Cent 
of Total 

Total no. patients 

1,708 

685 

1,023 

83 

40 

60 

4.9 

Male 

Female 

Patients with proven urinary tract 
disease 



Type of Urinary Tract Disease 

No. 

Per Cent 
of Total 
with 
Renal 
Disease 

Cystitis * 

10 

12.1 

Lithiasis (of the kidney, ureter or blad- 
der) 

10 

12.1 

Pyelitis and pyelonephritis 

21 

25.2 

Vascular nephritis f 

12 

14.5 

Nephrosis (? intercapillary glomerulo- 
sclerosis) 

17 

20.5 

Toxic nephritis % 

1 

1.2 

Anatomic aberrations — leading to dis- 
ease 

4 

4.8 

Idiopathic edema (without demonstra- 
ble renal lesions) 

1 

1 .2 

Acute glomerular nephritis 

2 

2.4 

Miscellaneous § 

5 

6.0 


* This diagnosis was made only in the presence of 
pyuria, positive urine cultures and with a demonstrable 
systemic reaction, i.e., fever or urinary symptoms. If 
pyuria and positive cultures alone were used as tlie 
criteria, the incidence would be much higher, particu- 
larly in females. 

t This diagnosis was made according to Volhard and 
Fahr’s definition of “nephrosclerosis.” 

f In this case due to sulfonamides. 

§ Including one case of to.xemia of pregnancy with 
apparent recovery, one case of renal amyloidosis, one 
case of hepatorenal failure, one case of coma with 
anuria and one case of hematuria of unknown etiology. 

1944 hospital population used as a reference 
group and the following attributes of the study 
group itself have been summarized: (1) Sex 
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distribution. (2) Age distribution at the time 
of study. (3) Age at diagnosis of diabetes and 
duration of diabetes. (4) Severity of diabetes. 
(5) Degree of control of diabetes. (6) Frequency 
and sequence of clinical manifestations. (7) Cor- 
relation of time of onset of clinical signs of inter- 
capillary glomerulosclerosis with duration of 
diabetes and with the chronologic age of the 
patient. (8) Histological findings in fatal cases. 

COMMENTS 

Sex Distribution. Seven patients in eight 
cases published by Kimmelstiel and Wilson,' 
were known to be diabetic, five of whom 
were females. This preponderance of fe- 
males has been reported by others who 
have surveyed anatomic material. Hender- 
son et al.^^ found the anatomic lesion 
almost twice as frequendy in females as in 
males. In contrast, Table iii illustrates that 
in 1944 in this hospital there was a signifi- 
cant disproportion between the sex inci- 
dence of the clinical syndrome of inter- 
capillary glomerulosclerosis observed in 
that year when compared with the sex 
distribution of the entire 1944 hospital 
population. We found the complication 
twice as frequently in males despite the 
3:2 preponderance of females in our 
hospital population. 

Table tv indicates a similar preponder- 
ance of males in the entire study group. 

Since the sex distribution of the seventeen 
patients with intercapillary glomerulosclero- 
sis seen in 1944 is related to that of the 
total hospital population of which they 
were a part, this variation is given added 
significance. 

Age Distribution. Previous reports con- 
cerned primarily with anatomic material 
have all emphasized that the most frequent 
occurrence of the glomerular lesions is 
among patients in or beyond the sixth 
decade. We believe that this cannot be 
explained as a corollary of occurrence with 
mild diabetes, therefore allowing longer 
life, but rather as a manifestation of age 
selection of patients %vhen autopsy ma- 
terial of a general hospital is used as the 
source of information. Henderson et al." 


have pointed out that the incidence of the 
glomerular lesions correlates better with 
duration of diabetes than with chronologic 
age. Figures 1 and 2 indicate that in the 
living diabetic population we have studied 
a high incidence of intercapillary glomeru- 


Table III 

niSTRIBUnON' BY SEX OF PATIENTS WITH URINARY TRACT 
DISEASE — -1 944 




Male 

Female 


! 

No. 

Per 

Cent 

No. 

Per 

Cent 

Total discharged 
patients 

1708 

685 

40 

1023' 

60 

Total with urinary 
tract disease 

83 

29 

35 

54 

65 

Total diagnosed inter- 
capillary glomeru- 
losclerosis 

17 

11 

65 

6 

35 


Table iv 

SEX DISTRIBUTION OF FORTY-THREE PATIENTS DIAGNOSED 
AS HAVING INTERCAPILLARY GLOMERULOSCLEROSIS 
COMPLICATING DIABETES MELLITUS 


j 

1 

No. 

Per 

Cent 

/Males... 

27 

63 

Intercapillary glomerulosclerosis^ Females 

16 

37 


losclerosis occurs in a considerably lower 
age group than is indicated in other reports. 

In Figure 1 the apparent increase of 
renal disease in the third decade is ac- 
counted for by the presence of the patients 
to be discussed. The increase in the sixth 
decade, following five to ten years after 
the median age of onset of diabetes for 
the general population, may likewise repre- 
sent the accelerating effect of diabetes upon 
vascular sclerosis and renal sclerosis par- 
ticularly. We have insufficient autopsy 
data to confirm the latter point. We have 
not determined the age distribution of the 
entire hospital population for comparison. 
Consideration of previous reports based 
upon anatomic data suggests that most of 
those patients studied would fall in the 
latter age group. 
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No. of Patients 



Age Groups 

Fig. 1 . Age distribution of eighty-three patients with urinary tract disease; 
1944 hospital population. 



15-19 20-24 25-29 30-34 35-39 40-44 45-49 
Age Groups 

Fig. 2. Age distribution of forty-three patients with intercapillary 
glomerulosclerosis. 


Figure 2 illustrates the age distribution 
at the time of study of the entire group of 
forty-three patients diagnosed as having 
intercapillary glomerulosclerosis. Since these 
patients are age-selected cases as just de- 
scribed, this distribution is not strictly 
comparable with the entire hospital popu- 
lation. However, our experience indicates 
that the syndrome is not found frequently 
in patients over forty years of age. 


Duration oj Diabetes. Few of the anatomic 
studies have emphasized the significant 
relation between duration of diabetes and 
development of vascular complications. 
The records of this hospital are especially 
valuable because a large group of young 
diabetics has been followed for several 
decades and particular emphasis has been 
placed upon determination of the time of 
onset of diabetes mellitus. Juvenile diabetes 
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is in addition more easily dated because of studied. A somewhat more objective method 


the acute manifestations and the presence 
of parental observers. 

In the group of forty-three patients 
studied the average age at the onset of the 
diabetes was 15.8 years and the average 


Table v 

ESTIMATE OF SEVERITY OF DIABETES MELLITUS 


Severity 

Daily Insulin 
Dose (units) 

No. 

Patients 

Per Cent 
of Total 

1 plus 

0-20 

3 

7 

2 “ 

20^0 

23 

53 

3 “ 

40-60 

15 

35 

4 “ 

60 -t- 

2 

5 


duration of diabetes at the appearance of 
the first sign of renal disease was 14.8 years. 

Severity of Diabetes. Previous reports have 
emphasized that renal complications occur 
more commonly in patients with mild 
diabetes. Our experience does not confirm 
this observation. Table v indicates that the 
diabetes in our series was severe, as indicated 
by insulin requirement. 

Degree of Control of Diabetes. It is of 
crucial importance to the management of 
diabetics to know the relationship of dia- 
betic control to development of irreversible 
complications. V arious opinions are held. 

The answer is in part complicated by the 
difficulty in clinical practice of accurately 
determining for long periods of time the 
degree of control which is achieved. The 
outstanding facts presented by Priscilla 
White in her study of 192 diabetic children 
who sur\fived twenty years of diabetes are: 
(1) Of fifty patients incapacitated by 
nephritis, retinitis and coronary disease 
75 per cent had been in coma one or more 
times. (2) Of 114 patients with moderate 
lesions (a few retinal hemorrhages, calcified 
arteries) 50 per cent had had coma. (3) In 
twenty-eight patients without arteriosclero- 
sis coma had been present in only 17 per 
eent. 

Table vi lists our appraisal of the degree 
of control achieved in the group of patients 


may be the history of diabetic coma. Of 
the patients studied 37 per cent were in 
diabetic coma on at least one occasion. In 
this clinic that is considerably above aver- 
age. On the other hand, there is no known 

Table vi 


ESTIMATE OF DEGREE OF CONTROL OF DIABETES MELLITUS 

Fair* 55 per cent 

Poor* 45 per cent 



* Clinical appraisal based upon urine and blood 
glucose levels upon admission. 


Fair* 55 per cent 

Poor* 45 per cent 


young patient with comparably severe 
diabetes who has escaped arteriosclerotic 
complications while maintaining poor con- 
trol of his disease. 

CLINICAL MANIFESTATIONS 

The correlation between the clinical 
manifestations of renal complications in 
diabetes and the anatomic findings is good 
only when the renal lesions are far ad- 
vanced. Thus Henderson et al.“ found 
that intercapillary glomerulosclerosis could 
be predicted with a fair degree of certainty 
in a diabetic of long duration with albumin- 
uria, hypertension, renal insufficiency and 
retinopathy. These authors found that 
patients with retinopathy involving the 
veins, with or without proliferative changes, 
invariably showed intcrcapillary glomcru- 
loselerosis at autopsy. 

Figure 3 summarizes the frequency of 
clinical manifestations in the patients we 
have studied. Since the patients were in 
various stages of development of the renal 
complieation (40 per cent dead), it will be 
recognized that the incidence of these 
manifestations will increase. The universal 
appearance of albuminuria and hyperten- 
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sion is consistent with other reports. The 
frequency of retinitis and partieuiarly of 
retinitis proliferans, equivalent to Wagoner’s 
Group iv/® suggests a correlation between 
this clinical syndrome and the renal disease. 
Somewhat fewer of these patients exhibited 
cardiac signs or symptoms than in other 
reports. We believe this may be explained 
by the considerably younger age group 
studied. This would seem to imply that 
the renal vessels are more susceptible than 
the coronary vessels in younger patients, or 
the explanation may lie in the superimposi- 
tion of this arteriolar disease upon the 
arterial sclerosis commonly seen in non- 
diabetic patients with advancing age, in 
the latter instance making the heart and 
great vessels more vulnerable. 

Volhard and Fahr^® and later Addis and 
Oliver^" emphasized the importance of red 
blood cells in the mrinary sediment in 
distinguishing chronic glomerular nephritis 
from nephrosclerosis. These and most subse- 
quent authors agree that hematuria is 
infrequently found in the course of nephro- 
sclerosis and when found the number of red 
cells is small. In contrast, hematuria, usually 
massive in amount, is characteristic of all 
stages of glomerular nephritis, with the 
occasional exception of the recovery stage 
when hematuria disappears before the 
casts and proteinuria. Proteinuria in neph- 
rosclerosis is also generally less than in 
glomerular nephritis, rarely, exceeding 2 
Gm. per twenty-four hours and generally 
less than 1 Gm. per twenty-four hours. In 
the diabetic group studied here proteinuria 
was an early finding and typically averaged 
3 to 10 Gm. per twenty-four hours after the 
first few months. 

The character of the urinary sediment in 
diabetic patients is often affected by lower 
urinary tract infection but study of these 
patients indicated first that red blood cells 
or cellular casts were generally absent and 
when present were few in number. Casts 
were frequent but in small numbers and 
almost always of the hyaline type with 
typical broad, hyaline “renal failure casts 
terminally. 


, Edema also is infrequent in nephrosclero- 
sis unless cardiac failure is responsible. 
Edema was a frequent early symptom in the 
diabetic group studied and in the females 
was often the first sign observed. 

Anemia in these patients did not appear 


ALBUMINURIA 
HYPERTENSION 

retinitis 

RET.PROLIFNS 
AZOTEMIA 
EDEMA 

hypoprot’emi/i 

LOW P&R Exa 
VASC.CAUO'm 
CARDIAC store 

I 

Fig. 3. Frequency of manifestations. 

until late in the course of the renal disease, 
in contrast to the expected course of 
chronic glomerular nephritis. In these pa- 
tients the onset of significant anemia coin- 
cided with the appearance of azotemia. In 
only three of the forty-three patients did 
the hemoglobin fall below 10 Gm. per cent 
or the red blood cell count below three 
million per cu. mm. during the course of 
the disease. 

Despite the massive proteinuria, hypo- 
proteinemia was a relatively late and 
generally terminal finding. A typical ter- 
minal value of 4 Gm. per cent with an 
albumin globulin ratio of 1 was found. 
Apparently these patients, who maintain 
good appetites until uremia occurs and 
are maintained on adequate diets, are able 
to synthesize new protein to compensate 
for the large amount lost in the urine. The 
lack of correlation between serum protein 
levels and the onset of edema was striking 
in contrast to the findings in nephrosis or 
the degenerative nephritis of Addis. 

The implication of faulty cholesterol 
metabolism in the tendency to develop- 
ment of vascular sclerosis among diabetics 
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suggested a compilation of the serum, 
cholesterols observed in this group of 
patients. There were twenty-two patients 
in the study group with adequate serial 
obsen,^ations of the cholesterol level in the 
blood. With one exception, these values 



DURCTION OF DIABETES- YEARS 
Fig. 4. Relationship of serum cholesterol to duration of 
diabetes in twenty-two patients wth intercapillary 
glomerulosclerosis. 

were all below the accepted maximal 
normal of 250 mg. per cent when the 
patients -were first seen, and the excepted 
patient’s level became normal within a few 
days after treatment with insulin. As 
illustrated in Figure 4 the cholesterol levels 
remained within normal limits for the first 
ten years of the disease. After this time, 
coinciding with the development of clinical 
manifestations of intercapillary glomerulo- 
sclerosis, there ^vas an increase of serum 
cholesterol in all but three of the patients. 
We have no certain means of distinguishing 
cause from effect but are inclined to believe 
this elevation of serum cholesterol may be 
associated with the renal and vascular 
disease for two reasons: (1) The cholesterol 
abnormality appears almost simultaneously 
with or after other destructive signs or 
SN-mptoms of renal complications. (2) The 
elevation of cholesterol correlates well with 
the fall in scrum proteins. This inverse 
relationship of total scrum protein concen- 
tration to scrum cholesterol concentration 
is seen, however, in other forms of renal 
disease, notably nephrosis, in which vascu- 
lar sclerosis is not found. The influence of 


this cholesterol abnormality upon develop- 
ment of vascular sclerosis and intercapillary 
glomerulosclerosis is still to be determined. 

Table vn illustrates the chronologic life 
history of the renal complications as mani- 
fested in this group of patients. Those pa- 

Table Vll 

RELATIONSHIP OF CLINICAL MANIFESTATIONS 
AND LABORATORY FINDINGS TO AGE AND 
DURATION OF DIABETES MELLITUS 


Manifestation 

No. 

Patients 

Examined* 

Average 
Age at 
Onset of 
Manifesta- 
tion (yr.) 

Average 
Duration 
of Diabetes 
at Onset of 
Manifesta- 
tion (yr.) 

Albuminuria 

40 

26.0 

15.0 

Edema 

32 

29.0 

15.9 

Hypertension 

40 

28.8 

16.1 

Impaired PSP ex- 




cretion 

28 

29.5 

17.2 

Azotemia 

33 

33.3 

17.8 

Hypoproteinemia. . 

31 

30.2 

17.8 

Calcification of 




vessels visible by 




X-ray 

30 


18.0 


* Only those patients arc included in whom the age 
at onset could be determined with accuracy. 


tients whose records did not furnish accurate 
evidence of the time of onset of a particular 
manifestation were excluded from con- 
sideration in this tabulation. 

We are led to conclude that there is a 
natural sequence of events in development 
of this renal complication. The earliest 
manifestation is albuminuria, at first small 
in amount and transient, later becoming 
permanent and massive. Edema is not 
consistently related to the level of scrum 
proteins, hypoproteinemia developing con- 
siderably later than edema. Edema also is 
intermittent initially. Hypertension occurs 
early and in our experience is often not of 
e.xtreme degree until late in the course of 
the disease. ^Vc have been impressed with 
the number of patients who c.xhibit loss of 
phenolsulfonphthalcin clearance and show 
hyposthenuria at a late stage of the disease. 

Studies arc continuing in an effort to 
establish whether renal tubular function is 
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preserved after a demonstrable reduction 
of glomerular filtration rate. It would be 
of interest to know whether the anatomic 
specificity of the most obvious lesion de- 
termines the limitation of a specific renal 
function, namely, glomerular filtration. * 


1 1 

FATAL GASES OF RENAL DISEASE COMPLICATING 
DIABETES 

Of the forty-three patients selected for 
study sixteen are now dead. Table viii sum- 
marizes these cases. 


Table viii 


SUMMARY OF SIXTEEN FATAL CASES OF RENAL DISEASE COMPLICATING DIABETES 


Case 

No. 

Sex 

Age at 
Onset of 
Diabetes 
(yr.) 

Duration 
of Diabetes 
at First 
Renal 
Signs 
(yr.) 

Duration 
of Life 
after 
Onset of 
Nephro- 
sis 
(yr.) 

Duration 

of 

Diabetes 

at 

Death 

(yr.) 

Age 

at 

Death 

(yr.) 

Immediate Cause of Death 

Au- 

topsy 

Presence 

of 

Lesions 

of 

I.C.G.’^ 

6208 

M 

12 

18 

2 

20 

32 

Pulmonary edema 

X 

X 

4768 

M 

10 

16 

7 

23 

33 

Cerebral embolus 

X 

X 

7795 

F 

15 

11 

7 

18 

33 

Renal failure 

X 

X 

6346 

M 

12 

9 

9 

18 

30 

Myocardial infarction 

X 

X 

6033 

M 

21 

12 

7 

19 

40 

Renal failure 

X 

X 

7695 

F 

17 

11 


15 

33 

Sepsis and myocardial infarct 

X 

0 

3761 

F 

9 

18 


21 

30 

Congestive failure 

X 

X 

8405 

M 

10 



20 

26 

Postoperative shock 

X 

X 

2726 

M 

14 

'16 


25 

39 

Renal failure 

0 

? 

13272 

M 

9 

9 


14 

23 

Renal failure 

0 

? 

10999 

M 

24 

9 


15 

39 

Renal failure 

0 

? 

4746 

M 

13 

7 

11 

18 

31 

Congestive failure 

0 

? 

5635 

F 

13 

7 

12 

19 

32 

Renal failure 

0 

p 

10270 

M 

7 

16 

4 

20 

27 

Renal failure 

0 

? 

5036 

M 

9 

18 

2 

20 

29 

Renal failure 

0 

p 

7966 

M 

10 

14 

8 

22 

32 

Renal failure 

0 

? 

Aver- 










age 


12 

12 

6.4 

19 

32 





* Intercapillary glomerulosclerosis. 


Dolger^ has pointed out that calcifica- 
tion of peripheral vessels demonstrable by 
x-ray is a relatively late and inaccurate 
sign of vascular damage. Our evidence sup- 
ports this view. However, the value of this 
sign is determined by the diligence with 
which it is sought. Our continuing studies 
include regular and extensive x-ray exami- 
nation of the most frequent sites of calcifica- 
tion, notably the legs and pelvis. 

* Since this article was written Corcoran et al. have 
published studies on the renal hemodynamics in inter- 
capillary glomerulosclerocis which tend to substantiate 
this hypothesis. Corcoran, A. C., Taylor, R- D. and 
Page, I. H. Functional patterns in renal disease. Ann. 
Int. Med.,2B: 516,\n8. 
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This group is composed of twelve males and 
four females, a distribution which is consistent 
with the preponderance of males in the entire 
group. The average age of the onset of diabetes 
was approximately 12.4 years in the fatal 
cases, coinciding with the observation that in 
children diabetes is most frequently first 
observed during puberty. The study group of 
patients did not include an unusual number of 
“diabetic dwarfs” or other evidences of endo- 
crinologic disorders. The average duration of 
diabetes when the first renal abnormality was 
noted shows considerable variation. It is ap- 
parent, however, that these young patients had 
developed extensive vascular damage as judged 
by renal function in a period of 12.5 years after 
the onset of diabetes and are at age twenty-five 
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comparable in this respect with non-diabetic 
patients of over twice this chronologic age. In 
the majority of these patients the first clinical 
sign of renal damage was proteinuria although 
in a few, particularly the females, edema was 
the first sign. The short duration of life (average 
6.4 years) after the appearance of the first signs 
of renal disease, although quite variable, sen,'es 
to emphasize the malignity of this complication. 

There were eight autopsied cases, seven of 
which showed some degree of intercapillary 
glomerulosclerosis. In the seven cases in which 
the anatomic diagnosis was established the 
average duration of life after the first renal sign 
appeared was 5.9 years. The average duration 
of diabetes at death for this group was 19.0 years 
and the average age at death thirty-two years. 

Cases 6208 and 4768 in Table viii are of 
particular interest since these patients were 
identical twins. Diabetes was diagnosed at ages 
twelve and ten years, respectively, and the clini- 
cal courses were remarkably similar. Severity 
of diabetes was similar in both patients. Control 
of the disease was only fair in each case although 
neither patient was known to have been in a 
diabetic coma. The terminal events in case 
4768 were complicated by peripheral vaseular 
occlusions requiring amputations. Autopsy ex- 
amination revealed extensive arteriosclerosis in 
both patients with both atherosclerotic and 
arteriolar changes. In case 6208 typical ad- 
vanced lesions of intcrcapillart' glomerulo- 
sclerosis were found with extensive arteriolo- 
sclcrosis and atherosclerosis. There was moder- 
ate renal interstitial fibrosis and inflammation. 
Case 4768 showed fre.sh renal infarctions with 
extensive arteriosclerosis. The degree of arterio- 
losclcrosis masked the typical intcrcapillar>" 
lesions i)ut in some glomeruli characteristic 
lesions were found. These two patients with a 
common genetic background illustrate the 
anatomic variations along a single pattern 
which may develop in diabetes of long duration. 

\\’ith the exception of case 7695 the remain- 
ing five autopsied cases all showed four dis- 
tinctive lesions in the kidneys: atherosclerosi.s, 
artcriolosclcrosis, interstitial inflammation with 
fibrosis and intcrcapillars* glomerulosclerosis. 
The degree of each of these changes was vari- 
able. Far advanced artcriolosclcrosis tended to 
obscure the characteristic changes of inter- 
capillary glomerulosclerosis. Case 6033, on the 
other hand, was characterized by vascular 
Ic.sions predominantly in the form of inter- 


capillary glomerulosclerosis. The evidences of 
pyelonephritis were slight and limited to an 
interstitial inflammatory reaction with scattered 
areas of fibrosis. The distinction of the his- 
tologic lesions in these patients from the lesions 
of glomerular nephritis was easily apparent. 
However difficult the problem of determining 
the earliest anatomic signs of intercapillary 
glomerulosclerosis may be, absence of the 
classical signs of glomerular nephritis allows 
immediate elimination of this diagnosis. 

Case 7695 was distinctively typical, his- 
tologically, of chronic glomerular nephritis. A 
moderate degree of arteriolosclerosis and athero- 
sclerosis was also present and a small amount 
of interstitial infiltration indicated the presence 
of mild pyelonephritis. In retrospect, the clinical 
course of this patient should have betrayed the 
type of renal disease present. Although no 
acute episode of glomerulonephritis was recog- 
nized, the onset of massive albuminuria, hyper- 
tension and hematuria with casts was almost 
simultaneous. The hypertension became severe 
within a few months. Marked anemia appeared 
in the early stages. Phenolsulfonphthaleiii 
clearance fell early and within two years after 
the first recognized renal signs the patient was 
in typical uremia. Cardiac decompensation was 
present when edema first appeared. 

The course and histologic findings of this 
patient thus scr\'c to contrast the picture of 
chronic glomerular nephritis with that of the 
distinctive picture seen in the remaining ca.scs. 

Using these data as a guide we may 
postulate a hypothetical “typical" case 
which would represent the average per- 
formance of this group. 

A thirteen year old child dcv'clops moder- 
ately severe diabetes requiring 40 to 60 
units of insulin per day for adequate con- 
trol on a regulated diet. Management of 
the disease is only fair and diabetic coma 
will probably occur. Thirteen years later 
at the age of twenty-six the first signs of 
renal damage appear, with an insidious 
and often intermittent proteinuria. After 
a few months this becomes constant and 
increases in amount to 3 to 10 Gm. per 
twenty-four hours. The urine sediment 
reveals numerous hyaline casts and oc- 
casionally small numbers of red blood cells. 
These signs arc followed by intermittent 
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edema and hypertension, both mild in 
degree. Punctate hemorrhages are found 
in the eye grounds. In two years protein- 
uria, edema and hypertension are well 
established, the serum non-protein nitrogen 
is now elevated, the serum albumin fraction 
falls and the phenolsulfonphthalein excre- 
tion becomes moderately reduced. The 
patient often complains of poor vision and 
examination reveals retinitis proliferans — 
usually bilaterally. Careful x-ray examina- 
tion will generally reveal calcification of 
peripheral vessels or occasionally of the vas 
deferens in males. 

The terminal two to three years lead to 
progressive deterioration with persistent 
uremia, edema, hypoproteinemia and ane- 
mia. Death is usually caused by myocardial 
infarction, congestive failure or a result of 
renal failure and uremia. In the last few 
months the diabetes is controlled with great 
difficulty. The patients are often blind at 
death with hemorrhagic glaucomas. 

The association of these characteristic 
clinical manifestations with the remarkable 
prematurity of vascular sclerosis, and par- 
ticularly with the glomerular lesions pre- 
viously described in diabetics of long 
duration, lead us to believe that the clinical 
course and anatomic changes represent a 
distinctive entity. Just as the glomerular 
lesions may be found occasionally in non- 
diabetics, so the clinical findings may sug- 
gest a true chronic glomerulonephritis and 
be misleading. 

The relationship of this peculiar renal 
complication of diabetes to nephrosclerosis 
is not clear. The disparity in the age of the 
diabetic group when compared with the 
older patients usually seen with nephro- 
sclerosis suggests that the two are funda- 
mentally different diseases. However, the 
well known tendency of youthful diabetics 
to “age” rapidly, with early appearance of 
signs of vascular sclerosis, may make a 
consideration of chronologic age in these 
patients misleading. Indeed, the situation 
implies that calculation might be made 
using chronologic age and diabetes dura- 
tion which would allow one to arrive at a 


“true age” from these data. Until and 
unless this is done it would seem fallacious 
to draw conclusions from chronologic age 
data. 

Duration of the disease, nature of the 
urine sediment, mild anemia and associated 
cardiovascular changes suggest the simi- 
larity of this disease of diabetics to the 
malignant form of nephrosclerosis seen 
in non-diabetics. However, the early onset 
of edema and the massive proteinuria serve 
to distinguish the two forms of renal disease. 
That these distinctions represent the influ- 
ence of the youth of the patient substratum 
and other unknown influences of associated 
endocrine abnormalities remains uncertain. 
Until these factors are clarified it seems 
profitable to consider intercapillary glomer- 
ulosclerosis as a distinct entity both clinically 
and pathologically. 

We know of no preventive measures 
other than continual and careful control 
of the diabetes with insulin, diet and exer- 
cise. Therapy after the disease has appeared 
is symptomatic. Perhaps the most hopeful 
aspect of this problem lies in the suggestions 
and material which it contributes to the 
study of arteriosclerosis and the biologic 
phenomena of aging. 

SUMMARY 

1. The records of all patients with 
urinary tract disease admitted over a 
period of one year to a hospital medical 
service specializing in diabetes have been 
studied and the types of renal disease 
classified. 

2. .The incidence of a characteristic 
syndrome consisting of proteinuria, edema, 
hypertension and retinitis occurring in 
young people with diabetes of long dura- 
tion, is determined. Although the prognosis 
in the past has been grave, hope for future 
improvement by better eontrol of diabetes 
and its complications is well founded. 

3. A group of forty- three patients ex- 
hibiting this renal complication of diabetes 
has been studied and the usual course of 
the disease described. 
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4. The correlation of these clinical mani- 
festations with the distinctive anatomic 
lesions often seen in the renal glomeruli of 
diabetic patients is discussed. 
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Experiences with the Kolff Artificial Kidney* 

Alfred P. Fishman, m.d.,']’ Irving G. Kroop, H. Evans Leiter, m.d. 

Chicago, Illinois Mew York, New York New York, New York 

and Abraham Hyman, m.d. 


I N March, 1947, Dr. W. J. Kolff brought 
to Mt. Sinai Hospital an artificial 
kidney devised by him.^ We are 
presenting our experiences in the manage- 
ment of six patients who have been treated 
with this artificial kidney. At first we were 
reluctant to expose our patients to a new 
form of treatment with which we were 
relatively unfamiliar. Moreover, we had 
learned that a poor prognosis in acute toxic 
nephrosis often proves to be unwarranted; 
satisfactory results obtained by conservative 
management of such patients have been 
recorded elsewhere. We have stressed 
the possibility that diuresis may occur 
spontaneously. However, if this apparatus 
could contribute to the maintenance of 
metabolic equilibrium and sustain the 
patient until spontaneous diuresis should 
occur, it would be a valuable adjunct in 
the treatment of acute anuria. 

All six patients who were treated by use 
of the artificial kidney were critically ill. 
The first four were dying of uremia. All 
conservative measures had been ineffective. 
These patients made it possible to test the 
capabilities of the apparatus without in- 
curring risk of influencing the clinical course 
adversely. As the functional capacity of the 
machine and its efficacy were established 
the last two patients, although critically ill, 
were treated earlier than the others and 
they recovered. It is impossible to state 
whether spontaneous recovery would have 
occurred without use of the apparatus. 

The possibility of removing various toxic 
products by dialysis has interested investi- 
gators for many years.® Some have advo- 


cated use of viable tissue membranes for 
dialysis.®’' Peritoneal lavage has recently 
been revived by Fine and Seligman.®’® The 
difficulties of the method are well known 
to those who have attempted this form of 
dialysis;^® they include peritonitis, obstruc- 
tion of the inlet tube, difficulty in main- 
tenance of flow and the long period of time 
involved. Use of an exteriorized intestinal 
loop and irrigation by a Miller-Abbott 
tube, and colonic irrigation have also 
been attempted, with varying degrees of 
success. 

In 1912 Abel, Rowntree and Turner 
dialyzed the blood of living animals through 
collodion tubes, using hirudin as an anti- 
coagulant.® Haas, Necheles and Thalhimer^® 
extended these experiments. Kolff^^ de- 
scribed the first mechanical apparatus to 
permit continuous extracorporeal dialysis. 
Subsequently AlwelP®’^^ and Murray^® pre- 
sented other devices. They have all taken 
advantage of the availability of cellophane 
and the reliability of heparin. Their ma- 
chines make possible the dialysis of regu- 
lated volumes of blood outside of the body 
without danger of infection or coagulation. 
Each has attempted to achieve a maximum 
surface area of exposed blood per unit 
volume. Our experience is confined to the 
apparatus of Kolffi 

METHODS AND MATERIALS 

The basic mechanisms of the artificial kidney 
devised by KoIfF are illustrated in Figures 1 and 
2. The blood is rendered incoagulable by 
heparin. The blood is then delivered under the 
drive of arterial pressure to the coils of cellulose 
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acetate (Visking) tubing tightly wound about 
a rotating drum. The capacity of this machine 
is 500 to 700 cc. of blood. A special coupling 
serv'es as a conduit to enable the blood to enter 
and leave the cellulose acetate tubing without 
interfering with the rotation of the drum. Prior 


the individual needs of the patient. In addition 
a shunting circulation is provided which per- 
mits circumvention of the dialyzing portion 
of the apparatus and enables direct intravenous 
administration of drugs, blood, etc., should the 
need arise. The glass arterial and venous can- 



Fig. 1. The circulation of the artificial kidney (modified after KolfT). The blood leaves the radial 
arter>’ and is led by connecting tubes (1) through the special coupling (2) into the coils of cellulose 
acetate (3) which are wound around the rotating drum. Fluids or drugs may be administered 
through a special connection (4) wliich allows the administered fluids either to pass through the 
kidney or be shunted directly into the vein of the patient. After dialysis the blood passes to a clot 
remover and air trap (5) before returning to the patient’s vein. A mechanical pump (6) facilitates 
the emptying of the last coils of the artificial kidney. 


to the start of treatment the tubing is filled 
eitlier with heparinized whole blood or normal 
saline .solution, depending on the hematologic 
needs of the patient. The blood from the radial 
artcr\’ displaces the contents of the system of 
tubing. A milking pump at the end of the 
system facilitates return of the blood to the 
patient's vein via an air trap and clot remover. 
While the blood is passing through the coils of 
cellulose acetate, the rotation of the drum 
intermittently c.xposcs it to 100 L. of bath fluid 
which contains 0.6 per cent sodium chloride, 
0.2 per cent sodium bicarbonate, 0.04 per cent 
potassium chloride and 1.5 per cent glucose. 
Calcium is not added to the bath since a pre- 
cipitate of calcium carbonate would form. 
Consequently calcium gluconate is administered 
intravenously at regular intcn-als to replace the 
dialy/ablc calcium which escapes into the bath. 
Thus, under the continued influence of arterial 
pressure, gravity and a milking pump, blood is 
led from the radial arter\- to a brachial vein via 
an extrinsic vasculature made of cellulose ace- 
tate. During circulation it is e.xposed to a bath- 
ing solution which may be varied according to 


nulae prescribed by Kolff were found to be 
unnecessary' precautions against coagulation 
and were discarded in favor of ordinary metal 
intravenous needles. At regular inten'als chemi- 
cal analyses were made of blood entering and 
leaving the apparatus as well as of the bath 
fluid. These included blood urea nitrogen (Van 
Slyke and Cullen), creatinine (Folin and ^Vu), 
uric acid (Brown), glucose (Folin and \\u), 
serum protein (Kagan), serum chloride (Van 
Slyke and Sendroy), icterus inde.x' (Newburger), 
bilirubin (van den Bergh), calcium (Kramer 
and Tisdall), inorganic phosphorus (Kuttner 
and Lichtenstein), sodium (Butler).'® 

CASE REPORTS 

C.\SE I. E. R. is a Puerto Rican woman 
twenty-five years of age. On January 5, 1948, 
twenty-one days before admission to the 
Mount Sinai Hospital, she \s'as raped. On the 
evening of January 21st, when the anticipated 
menstruation failed to occur, she inserted -t 
. sublimate of mercury tablets (2.5 Gm.) into the 
vagina in order to induce abortion. .Several 
hours later abdominal pains appeared. By the 
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Fig. 2. The artificial kidney in use. 


next morning she was acutely ill, with ab- 
dominal pain, bloody diarrhea, frequent vomit- 
ing and profuse vaginal bleeding. On January 
23, 1948, she was admitted to the gynecologic 
service of another hospital. The temperature 
was 100.8°f., the pulse was 86 and the respira- 
tions 20 per minute. Blood pressure was 112 mm. 
Hg systolic and 84 mm. diastolic. Intense 
vulvovaginal edema and necrosis were present. 
At this time analyses revealed a hemoglobin of 
16 Gm., 23,600 white blood cells with 73 
segmented and 22 non-segmented leukocytes 
and 7 lymphocytes. The serum non-protein 
nitrogen was 75 mg. per cent. Bloody diarrhea 
and vomiting continued. Pain, swelling and 
tenderness of the joints of the fingers appeared 
and progressed. Twenty-four hours after admis- 
sion it was noted that the patient failed to 
urinate. No urine could be obtained by catheter. 
A history of anuria since January 22nd was then 
elicited. The patient was thereupon transferred 
to the Mount Sinai Hospital on January 26th 
for treatment with the artificial kidney. Up to 
this time she had received approximately 7,000 
cc. of fluid by vein and hypodermoclysis. 

Examination revealed a poorly developed, 
poorly nourished, semicomatose Puerto Rican 
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woman in acute distress. She was vomiting 
coffee-ground material and blood was oozing 
from her mouth and gums. She looked pale and 
her face was edematous. The temperature was 
98.2°f.; the pulse was 90 and the respirations 
18 per minute. Moderate bilateral conjunc- 
tivitis and chemosis were present. The upper 
jaw was edentulous with inflammation and 
necrosis of the gums; a black line was present 
at the gingivodental margins of the gums of the 
lower jaw. The tongue and mouth were inflamed 
and contained necrotic and exudative zones. 
The lungs ^vere clear. The heart appeared 
normal. The blood pressure was 150 mm. Hg 
systolic and 70 mm. diastolic. The abdomen 
was diffusely tender. The liver Avas palpable 
1 cm. below the right costal margin and had a 
smooth, non-tender edge. The labia majora and 
minora as well as the vagina were swollen, red, 
covered with exudate and focally necrotic. The 
urethral meatus was identified with difficulty. 

Examination of the blood revealed 8.5 Gm. 
of hemoglobin, 20,500 white blood cells with 
98 per cent polymorphonuclear leukocytes, 21 
per cent of the leykocytes were non-segmented. 
Urine (4 cc.) were obtained by catheter and 
contained 4 plus albumin, many red blood 
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cells, 10 to 15 white blood cells, many epithelial 
cells and rare granular casts. 

Chemical examination of the blood revealed 
a carbon dioxide content of 26 volumes per 
cent; non-protein nitrogen 150 mg. per cent; 


treatment with the artificial kidney was started 
and was continued for six hours. Heparin 
(100 mg.) was given into the vein and another 
100 mg. was introduced into the apparatus at 
the onset of treatment. Four hours later 50 mg. 



Fig. 3. Case i. Course in hospital prior to and following the use of the artificial 
kidney. 


urea nitrogen 110 mg. per cent; other significant 
chemical data arc included in Figure 3. 

The patient was given 5 per cent glucose in 
Jiormal saline intravcnou.sly to replace fluids 
lost in vomitus and stool. One hundred seventy- 
five mg. 2,3 dimcrcaptopropanol (B.'\L) was 
given intramuscularly at regular intcrs-als as 
indicated in Figure 3. .She was also given 25,000 
units of jKmicillin cvety three hours to combat 
infection. .At 11 p.m. on the day of adinksion 


was again administered intravenously. This 
dosage sufficed to maintain the clotting time 
of the blood (Lee and ^Vhitc) from one to four 
hours during the treatment. All obscrv'crs agreed 
that she improved markedly during this time. 
She lx;camc less restless, better oriented and was 
able to request and retain oral fluids. 1 he 
response of the blood to dialysis and the amounts 
of each constituent removed from the blood and 
found in the l)ath fluid arc indicated in Tal)le i. 
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There was evidence of slight hemodilution as 
manifested by the fall in hematocrit and serum 
protein level after treatment. There was a 
precipitous drop in blood non-protein nitrogen, 
urea nitrogen, phosphorus, creatinine and uric 
acid. The serum sodium levels were 122.0 


chromogen level at the end of six hours was 
84 mg. per cent. The carbon dioxide content 
of the blood was not appreciably altered during 
treatment and remained at 26 volumes per cent. 
The 100 L. of bath fluid following dialysis con- 
tained 24 Gm. of urea nitrogen, 6.7 Gm. of uric 


Table i 

CHEMICAL ANALYSES OF THE BLOOD DURING TREATMENT WITH THE ARTIFICIAL KIDNEY 
Case i. Upper chart: Chemical analysis of blood entering the artificial kidney from the radial artery (A) and 
leaving the artificial kidney (B) to re-enter the general circulation via the brachial vein. Serial determinations were 
made at hourly intervals. Note the decrease in dialyzing efficiency of the kidney following the accumulation of reten- 
tion products in the bath fluid. The efficiency again rose following change in bath water at the end of four hours The 
total protein did not vary appreciably. 

Lower chart: Chemical contents of bath fluid following six hours of dialysis. Bath water was completely replaced 
after four hours of dialysis. As above, values are expressed per 100 cc. of solution. The bath contains 100 L. of fluid as 
indicated in the text. 



Urea 
Nitrogen 
(mg. %) 

1 

Uric Acid 
(mg. %) 

Creatinine 
(mg. %) 

Phosphorus 
(mg. %) 

1 

1 

Total 
Protein 
(Gm. %) 

Icterus 

Index 

Hemato- 

crit 

Control* 

— 

14.1 

19.3 

5.7 

5.6 

3 

28 



13.4 

14.1 

6.0 

5.3 

4 

29 

1 liuUi S ^ ^ 

WBm 

8.5 

6.2 

4.3 

5.5 

4 

29 

o , ( A 


12.9 

15.5 

4.4 

5.0 

9 

29 

2 hours-J g 1 

36 

8.2 

7.9 


5.3 

7 


ctE /A 

68 

10.7 

; 13.5 


5.6 

12 


3 hours ig 

40 

7.2 

' 7.1 

1.2 

5.3 

12 


, , fA 

50 

8.1 


1.4 

5.6 

13 

26 

4 hours 1 g 

36 

5.7 


1.1 

5.1 

13 


c u iA§ 

48 

9.6 


1.6 

5.3 

14 

25 

5 liuurSj g 

14 

3.7 


0.9 

5.5 

14 


6 hours A 

1 

30 

6.9 

5.7 

1.5 

5.3 

14 

26 


Contents of Bath Fluid (mg. %) 


1 

! 

Urea 

Nitrogen 

Uric Acid 

Creatinine 

Phosphorus 

Total 

Protein 

Initial four hours § 

19 

3.6 

7.3 

0.6 

1 

3.6 

Final two hours 

! 5 

3.1 

, 2.4 

0.4 

2.9 

Total 

24 

6.7 

9.7 

1 

' 1.0 

! 

6.5 


* One-half hour before start of treatment with artificial kidney, 
t Blood sample from radial artery en route to machine, 
i Blood sample from machine following dialysis en route to brachial vein. 
§ Bath fluid was completely replaced by fresh solution after four hours. 


mEq./L. before treatment and 132.4 mEq. 
/L. after treatment. The serum chloride (as 
sodium chloride) rose from 94 mEq./L. before 
treatment to 100 mEq./L. at the end of treat- 
ment. Slight hemolysis was manifested by 
yellow discoloration of the serum and a progres- 
sive rise in icterus index index from 3 to 13 
during the six-hour period. Serum hemo- 
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acid, 9.7 Gm. of creatinine, 1.0 Gm. of phos- 
phorus and 6.5 Gm. of protein. No mercury 
could be identified in the bath fluid. At the 
close of treatment with the artificial kidney she 
was given 300 cc. of 5 per cent sodium bi- 
carbonate to combat acidosis. 

Subsequent to treatment with the artificial 
kidney she was given a high-carbohydrate, 
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high-fat diet containing no protein. After the 
first two days she \vas able to retain the equiva- 
lent of at least 1,500 calories per day. Fluids 
were administered almost exclusively by mouth 
except for occasional whole blood transfusions 
as indicated in Figure 3. The amount of fluid 
consisted of 1,000 cc. per twenty-four hours to 
compensate for insensible water loss plus the 
equivalent of the fluid lost by diarrhea and 
vomiting. The amounts of oral sodium chloride 
and sodium bicarbonate were varied according 
to the scrum chloride and carbon dioxide con- 
tent but averaged approximately 4 Gm. of 
sodium chloride and 16 Gm. of sodium bicar- 
bonate per day. 

Diarrhea and vomiting persisted for four days 
following use of the artificial kidney, gradually 
decreasing in frequency and content. The 
ulceronccrotic lesions of the buccal and vaginal 
mucous membranes responded sluggishly to 
local applications but gradually improved. On 
the eighth and ninth days following onset of 
anuria, pretibial and facial edema appeared but 
spontaneously subsided. On the eighth day 
after use of the artificial kidney she appeared 
more rational, with only occasional disorienta- 
tion and periods of delusion and paranoia. She 
responded well to questioning and appeared to 
he convalescing well. 

The urinary output increased gradually until 
the twelfth day following onset of anuria when 
the output approximated the intake. The urine 
was voided through a markedly inflamed area 
and the significance of alijumin. red cells and 
white cells was difficult to determine. Granular 
casts were carefully sought but only rarely found 
during the period of obsers’ation. The urea 
nitrogen of the urine rose slowly to a maximum 
of 3R0 mg. per cent. The urinar)’ chlorides varied 
from 351 to 632 mg. per cent (measured as 
sodium chloride). The specific gravity of the 
urine did not fall below 1.010 or ri.se above 
1.012. On the fifteenth day following onset of 
anuria she was allowed fluids ad lilntum and 
following the seventeenth day the urinars’ out- 
put constantly exceeded 4.500 cc. per twenty- 
four hours. 

Follow ing treatment with the artificial kidney, 
the bloorl non-protein nitrogen and urea 
nitrogen showed a parallel ri'c. Serum phos- 
phorus. uric acid and creatinine al.so rose. The 
serum chlorides and carbon dioxide content 
ssere le.uiily controlled by oral administration 
ol MKiiuiu chloride and .sodium bicarbonate. 


Despite the adequacy of urinary output on the 
twelfth day following onset of the anuria and 
subsequent diuresis, the blood urea nitrogen, 
non-protein nitrogen, creatinine, uric acid and 
phosphorus only gradually returned to normal. 

On the twelfth day following treatment with 
the artificial kidney the patient began to 
menstruate. She became hypomanic. The 
agitation failed to subside, paranoia supei^’cncd 
and delusions and hallucinations were expressed 
which centered around the events which had 
initiated the present illness. It became necessary 
to send the patient elscw’hcrc for psychiatric 
care. A later report by Dr. R. E. Blaisdcll, 
Rockland State Hospital, Orangeburg, N. Y., 
indicated that analyses made on March 5t)i 
showed the follow'ing: urea nitrogen, 13 mg. per 
cent; creatinine, 1.4 mg. per cent; uric acid. 
2 mg. per cent; non-protein nitrogen, 30 mg. 
per cent. The specific gravity of the urine was 
1.013. 

Comment. In this instance the self-ad- 
ministered dose of mercury bichloride was 
especially large. The 2.5 Gm. instilled into 
the vagina remained in situ until completely 
absorbed. The subsequent symptoms were 
those of severe systemic mcrcurialism. 

The patient was admitted to the Mount 
Sinai Hospital on the fifth day of anuria. 
The clinical manifestations were those of 
uremia, acidosis and dehydration. All 
observers agreed that the patient was 
virtually moribund. She was given B.AL 
and intravenous alkali prior to the artificial 
kidney. She was treated with the artificial 
kidney on the day of admi.ssion. During the 
process of dial)'si.s she appeared to improve 
and become more rational. The artificial 
kidney functioned well mechanically. There 
was a precipitous fall in non-protein 
nitrogen, urea nitrogen, creatinine, uric 
acid, and phosphorus as indicated in 1 able 
1 . Calcium gluconate (1 Gm.) was adminis- 
tered intravenously at hourly intervals to 
replace the calcium lost by dialysis. I he 
bath fluid at the end of the treatment was 
found to contain a total of 24 Gm. of urea 
nitrogen, 6.7 Gm. of uric acid, 9.7 Gm. of 
creatinine and 1 Gm. of phosjihorus. 
Protein (6.5 Gm.) were also present in the 
Ijath indicating slight permeability of the 
avirica:. jocrsai, oi 
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membrane. The level of serum proteins 
was not appreciably altered. The hematocrit 
decreased slightly. Slight hemolysis was 
noted as the icterus index increased from 
3 to 14, serum bilirubin from 0.2 and 0.5 
mg. per cent and the van den Bergh reaction 
became delayed positive. 

The subsequent management of the 
patient corresponded to that previously 
outlined.^ An attempt was made to increase 
gradually the intake of a high-carbohydrate, 
high-fat, protein-free diet in order to supply 
adequate caloric intake. Electrolyte balance 
was maintained by oral administration of 
sodium chloride and sodium bicarbonate. 

Adequate urinary output was established 
on the twelfth day after the onset of anuria 
and seven days following use of the artificial 
kidney. Figure 3 illustrates the gradual fall 
in the serum levels of non-protein and urea 
nitrogen despite diuresis due to the lack of 
renal concentrating capacity. During con- 
valescence urea nitrogen concentration of 
the urine remained low. The urine chloride 
concentration was relatively constant — an 
indication of the inability of the tubules to 
vary the excretion of chloride in accord 
with the body need. The leukocytosis 
gradually receded and fewer transfusions 
were required to maintain the hemoglobin 
level. 

Identification in this instance of any 
specific agent as responsible for restitution 
of kidney function is not possible. BAL 
administered more than three hours after 
the application of mercury is reported to 
have little effect on the outcome. In this 
patient it was started on the fifth day of 
anuria. We have stressed previously that 
patients with mercury intoxication or any 
type of lower nephron nephrosis^^ may 
survive the toxic injury if electrolyte balance 
is maintained and circulatory embarrass- 
ment is avoided. The previously recom- 
mended measures^ were again used in this 
case and unquestionably contributed mate- 
rially to her recovery. During treatment 
with the artificial kidney all were impressed 
by the apparent innocuousness of the 
procedure and the clinical as well as chem- 


ical improvement manifested by the patient. 
It is believed that the artificial kidney may 
have provided additional time for spon- 
taneous improvement to occur. 

Case ii. W. M., a thirty year old male who 
on April 1, 1948, was exposed in a small closed 
room to intense carbon tetrachloride fumes for 
five hours. After leaving the room he felt 
“drunk.” The next day generalized muscular 
aches, anorexia, oliguria, and bilateral costo- 
vertebral angle pain appeared. These symptoms 
progressed and on April 4th he was hospitalized 
elsewhere. Examination revealed him to be 
acutely ill with slight scleral icterus. The tem- 
perature was 100°F., pulse 72 per minute and 
respirations 20 per minute. The blood pressure 
was 144 mm. Hg systolic and 90 diastolic. 
Tenderness was present in the mid-epigastrium 
and in both costovertebral angles. There was 
moderate anemia (10.5 Gm.). The urine con- 
tained moderate amounts of albumin and 
microscopic examination revealed many red 
blood cells. There was no choluria; the ur'inar)’^ 
urobilinogen was normal. The icterus index was 
19. The cephalin flocculation test was strongly 
positive. The serum cholesterol was 118 mg. per 
cent with 63 per cent esters. Oliguria persisted, 
anuria ensued on April 8th. The blood urea 
continued to rise. Parenteral fluids were cau- 
tiously administered to replace fluids lost by 
vomiting and insensible loss. Methionine, 
choline and parenteral vitamins were given to 
combat hepatic injury. On April 9th pulmonary 
and systemic hypertension appeared, and follow- 
ing phlebotomy he was transferred to the Mount 
Sinai Hospital. 

On admission he was found to be acutely ill, 
with a uriniferous odor to his breath. The 
sensorium was cloudy. The blood pressure was 
148 mm. Hg systolic and 90 diastolic. Bilateral 
subconjunctival hemorrhages were present and 
were ascribed to repeated episodes of vomiting. 
Clotted blood was present in the nares. The 
heart and lungs were normal. The abdominal 
viscera were not palpable. The hemoglobin was 
10.5 Gm. There were 10,450 white blood cells 
with a shift to the left of the leukocyte series. 
There were 290,000 platelets. The blood non- 
protein nitrogen was 170 mg. per cent; urea 
nitrogen 108 mg. per cent; serum chlorides (as 
sodium chloride) 423 mg. per cent; carbon 
dioxide content 59 volumes per cent and 
hematocrit 39 per cent. Clotting time, bleeding 



Table n 

<:\') II Coiinr of p.itirnt with f.irhnn tctracliloricle intoxication prior to and following onset of diuresis. Artificial kidney was used on tenth and sixteenth clays 
if illnr-is. fft-rpirnt wliole hlood transfusions were administered following onset of diuresis to overcome the anemia and neutralise the prothrombin deficiency. 
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time, clot retraction and tourniquet test were all 
normal. The cephalin flocculation and thymol 
turbidity tests were negative. The icterus index 
was 2. The prothrombin activity was found to 
range from 17 per cent to 50 per cent of normal. 

In the twenty-four hours following admission 


23 

effective in removing retention products from 
the blood (Table m), diuresis did not ensue 
and uremia again gradually became manifest. 
On April 16th he was again treated with the 
artificial kidney. (Table iv.) The same amount 
of heparin was administered as on the previous 


Table m 

CHEMICAL ANALYSES OF THE BLOOD DURING TREATMENT WITH THE .ARTIFICIAL KIDNEY 


Case n: Chemical analysis of blood and bath fluid during initial treatment with artificial kidney. Bath fluid com- 
pletely changed after four hours. Phenols were found in all bath fluids. 


1 

i 

Urea 
Nitrogen 
(mg. %) 

Uric Acid 
(mg. %) 

Creatinine 
(mg. %) 

Phosphorus 
(rag. %) 

Total 
Protein 
(Gm. %) 

Icterus 

Index 

Hemato- 

crit 

0 hours 


108 

j 

11.3 

15.2 

4.1 

6.5 

3 

28 

2 hours j 

fA 

80 

11.5 

28.3 

4.0 

6.3 

3 

30 

[B 

30 

8.0 

15.0 

3.1 

6.7 

3 


4 hours j 

fA 

76 

10.0 

25.2 

2.9 

6.1 

3 

28 

[B 

34 

7.6 

16.4 

2.6 

6.0 

3 


6 hours -j 

[A 

54 

8.3 

23.2 

3.1 

5.7 

3 

26 

.B 

14 

5.5 

10.3 

1.8 

6.7 

3 



Contents of Bath Fluid (mg. %) 


1 

Urea 

Nitrogen 

Uric Acid 

Creatinine 

Phosphorus 

Total 

Protein 

2 hours 

18 

2.3 

6.2 

1.4 

2.2 

4 hours 

27 

2 8 

8.5 

, 3.1 

4.3 

6 hours 

7 

1.0 

3.9 

1.0 

1 4.0 







Total 

34 

3.8 

12.4 

4.1 

8.3 








180 cc. of bloody urine were obtained by 
catheter. The urine was acid (pH 5) ; the specific 
gravity was 1.016. Moderate amounts of 
albumin were present and many red blood cells 
and few white blood cells were found on 
microscopic examination. 

Vitamin K (4.8 mg. hykinone daily) failed to 
return the prothrombin time to normal. He was 
treated for six hours on April 10th with the 
artificial kidney. Heparin (100 mg.) was 
injected into the venous cannula; 100 mg. were 
injected into the arterial cannula leading to the 
machine; 50 mg. were administered after two 
hours to maintain the prolonged coagulation 
time. He remained comfortable during the 
period of dialysis; the blood pressure did not 
vary significantly. There was no evidence of 
hemorrhage. 

His course following the initial treatment is 
outlined in Table ii. Although dialysis was 

JULY, 1949 


occasion. However, oozing of blood appeared 
from abraded areas about the mouth and nose 
and after six hours the dialysis was terminated. 
Toluidine blue, 3 mg./Kg., and whole blood 
were administered to neutralize the heparin. 
The oozing persisted (even though the coagula- 
tion time of the blood rapidly returned to 
normal) and was ascribed to the prothrombin 
deficiency. 

The subsequent course of the patient was 
uneventful except for persistent vomiting which 
slowly subsided. Following the second treatment 
with the artificial kidney, there was a progres- 
sive increase in the daily volume of urine. 
(Table ii.) By the twentieth day of illness more 
than 2,000 cc. of urine were being voided daily. 
The urine which had been grossly bloody on 
admission became free of red blood cells; casts 
were rare at all times. Albuminuria diminished; 
the pH of the urine became less fixed. The con- 
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ccntration of urea nitrogen in the uiinc grad- 
ually rose and the selective elimination of 
chlorides reappeared. The specific gravity of the 
urine varied slightly from 1.010. The azotemia 
slowly subsided as restoration of kidney tubular 
function occurred. 


taneously exposed to lesser concentrations 
of the vapors, was admitted elsewhere 
because of hematemesis and jaundice. He 
was discharged after ten days, free of 
symptoms, with no evidence of renal 
damage. 


Table iv 

CHEMICAL ANALYSES OF THE BLOOD DURING TREATMENT WITH THE ARTIFICIAL KIDNEY 


Case n; Chemical analyses of blood and bath fluid during second treatment with artificial kidney. Bath finitl 
changed after four hours. Phenols were present in the bath fluid after dialysis. The xanthoprotcin concentration of the 
blood fell following dialysis. 


1 

Urea | 
Nitrogen 
(mg. 7c) 

Uric Acid 
(mg. 7c) 

Creatinine 
(mg. %) j 

Phosphoru'l 
(mg. 7c) 

Total 
Protein 
(Gm. 7c) 

Icterus 

Index 

Hemato- 

crit 

CO; 
Content 
(vol. 7c) 

0 hour 

1 

85 

5.6 

27.2 

7.5 

7.2 

i 

3 

30 


2 hours j 

fA ! 

71 

4.3 

26.4 

7.1 

7 4 

3 

30 

35.5 

IB 

24 

2.3 

16.1 

5.0 

7.4 

3 

, , 

30.0 

4 hours j 

fA 

32 

3.2 

22.9 

4.0 

7.4 

3 

27 

.39. -1 

IB 

13 

1.9 

11.1 

3.0 

7.0 

3 


32.6 

6 hours j 

fA 

35 

2.5 

19 8 

3.0 

7.4 

3 

25 

40.9 

IB 

19 

1.8 

12.0 

2.5 

7.0 

3 

• * 

31.7 


Contents of Bath Fluid (mg. %) 



Urea 

Nitrogen 

1 

Uric Acid 

! 

Creatinine 

Phosphorus 

Total 

Protein 

CO; Content 

2 hours .... 

3 hours ... 

10 

23 


4 8 

8.9 

n 

■ 

54.6 
j .50.9 

6 hours . . 

18 


7.8 


HBI 


Total 

41 

3 0 

j 16 7 

i 


22 1 

! 



I’hr paticnl wa.s remarkably comfortable 
during the entire period of renal insufficiency. 
Daily records were kept of fluid loss and cautious 
replacement ser\-ed to maintain hydration as 
well as adequate carbon dioxide and chloride 
contents of the scrum. Whole blood and washed 
red blood cells were used to combat anemia. 

Comment. In this patient the nephroto.xic 
effects of carbon tetrachloride poisoning 
dominated the clinical picture. Hepatic 
injury was manifested by the transient 
icterus, bleeding due to persistently reduced 
prothrombin activity and abnormal reten- 
tion of bromsuifalein in the blood; there was 
also no incre.a.sc in prothrombin nctivity 
following administration of vitamin K. The 
patient's co-workcr. who had been siniul- 


Thc patient wa.s treated with the arlifirial 
kidney on the tenth and sixteenth days of 
illness. Both treatments were effective in 
eliminating retention products from ihn 
blood stream. (Tables in and iv.) I In’ 
scrum chlorides rose following the dialysis; 
carbon dioxide escaped from the blood 
during its exposure to the bath fluid- 
Phenols and xanthoprotcins passed from 
the blood into the bath fluid. 

The clinical cour.se of the patient was 
characterized by freedom from uremic 
manifestations despite the long period of 
renal insufficiency. Following the onset of 
polyuria on the twentieth day of illness, 
azotemia gradually subsided, (fable ii-l 
Recovery of normal tubular function evoK ed 

A'lfi'iCA'. joer. Ai ot «!t fU'i'-t 
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slowly. It is believed that in this instance the 
artificial kidney served as a temporizing 
measure which potentiated spontaneous 
restoration of kidney structure and function. 

Case hi. B. C., a sixty-three year old white 
man had had prostatism since 1933. Prior to 
hospitalization the urine was normal on re- 
peated analyses. The blood pressure regularly 
averaged approximately 120 mm. Hg systolic 
and 80 diastolic. On May 1, 1947, cystoscopy 
was performed and the patient was admitted 
to another hospital in preparation for prosta- 
tectomy. On May 2 a Foley catheter was intro- 
duced for drainage and lavage. Twelve hours 
later the patient withdrew the catheter because 
of local irritation. His temperature rapidly rose 
to 106. 8°f. He was given 1 Gm. of sulfadiazine 
by mouth and one intramuscular injection of 
penicillin. However, in the next twelve hours 
he voided only 100 cc. of bloody urine; sulfa- 
diazine was discontinued. Fluids were given 
parenterally in large quantities; pulmonary 
edema ensued and was treated by phlebotomy 
and digitalization. Anuria persisted from May 
2nd to May 7th when he was transferred to the 
Mount Sinai Hospital. The blood urea nitrogen 
had now risen to 102 mg. per cent, the creatinine 
to 7 mg. per cent; the carbon dioxide combining 
power was 32 volumes per cent. There was 
moderate anemia, leukocytosis and shift to the 
left of the white cell series. 

On physical examination the patient was 
seen to be a well developed, obese, semistupor- 
ous male. He was restless, with spasmodic body 
twitchings and hyperirritability to minimal 
stimuli. The tongue was dry. Excoriations were 
present about the mouth and face. The veins 
of the neck were distended. The chest was 
emphysematous and moist rales were audible 
in both pulmonary bases. The respiratory rate 
was 28, per minute. The heart appeared en- 
larged to the left by percussion. The rhythm 
was regular with a rate of 100 per minute. 
The blood pressure was 105 mm. Hg systolic 
and 60 diastolic. The liver was enlarged 3 cm. 
below the right costal margin. Hepatojugular 
reflux was present. Moderate anascarca was 
present. The prostate was smooth, uniformly 
enlarged and approximately twice the normal 
size. A Foley catheter was in place. 

On admission 30 cc. of one-sixth molar sodium 
lactate solution was given intravenously. A 
scout film of the abdomen revealed no evidence 


of calculi. The Foley catheter was removed. 
Cystoscopy on May 7th revealed that the 
bladder was diffusely inflamed, the mucosa 
being lined with shreds of muco-pus. The ure- 
teral orifices could be seen but catheters could 
only be passed for a distance of 0.5 cm. on 
each side. The lateral lobes of the prostate were 
found to be enlarged and met in the midline. 
The Foley catheter was replaced. 

The repeated manipulations including cysto- 
scopy rendered inadvisable the heparinization 
required in use of the artificial kidney. Peritoneal 
lavage was deferred because of the marked 
degree of debility, abdominal distention and 
ascites. The diet was restricted to fats and 
carbohydrates. Oral fluids were supplemented 
by approximately 300 cc, of one-sixth molar 
lactate per day. However, the patient continued 
to deteriorate. Coma and uremic frost appeared 
on May 11th. All other available measures 
having been exhausted, on May 11th treatment 
with the artificial kidney was started and con- 
tinued for four hours. Calcium gluconate, 
10 cc. of 10 per cent solution, was given intra- 
venously at hourly intervals. During the treat- 
ment the blood pressure ranged from 130 to 
170 mm. Hg systolic and 60 to 70 mm. diastolic. 
A febrile reaction to 104°f, occurred after one 
hour and was ascribed to the heparin and pyro- 
gens in the tubing. The patient roused somewhat 
and the chest was free of rales after two hours. 
He was able to ask for fluid. The twitchings 
gradually diminished. However, the e.xcoria- 
tions about the face began to ooze blood and 
at 1 A.M. on May 12th the treatment was 
stopped. A total of 820 mg. of heparin had been 
given intravenously during the treatment. 
Blood samples drawn from the patient failed 
to clot during the four hours of treatment. 
When the oozing of blood started, 500 cc. of 
fresh whole blood was slowly administered 
through the side circulation (Fig. 2) of the 
artificial kidney. The patient left the treatment 
room not appreciably altered clinically from 
the time of the onset of therapy. 

At 6:45 A.M., 275 cc. of urine was found in 
the drainage bottle. The bleeding had stopped. 
The clotting time had reverted to normal. 
The blood pressure was 154 systolic and 68 
diastolic. However, the patient’s coma deepened 
and he expired at 7:45 a.m. 

Autopsy revealed acute hemorrhagic broncho- 
pneumonia involving the right upper, middle 
and left upper lobes. Acute tracheobronchitis 
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and pulmonary edema were present. Small 
hemorrhagic foci were found in the bladder, 
ureters, pelves, kidneys, stomach, vocal cords, 
right epididymis, and around skin necdic- 
puncturc sites. Fibro-adenomatous hyperplasia 
of the prostate was marked. 

The kidneys were enlarged, weighing 485 Gm. 
together. Fine punctate hemorrhages studded 
the surface. The surfaces of section were hyper- 
emic; the corticomcdullar>' demarcation was 
distinct. The glomeruli were visible as pale dots 
against an edematous background of cortex. 
The medulla was congested. Microscopic ex- 
amination revealed congested and ischemic 
glomeruli frequently containing albuminous 
debris in Bowman’s space. The proximal con- 
voluted tubules showed mild degenerative 
changes. The distal convoluted tubules and 
collecting tubules were severely inflamed and 
contained zones of atrophy, necrosis and re- 
generation. The lumina contained eosinophilic, 
homogeneous and granular casts. The inter- 
stitium was focally infiltrated with chronic 
inflammatory cells. The intertubular capillaries 
were markedly congested. Several veins in the 
cortex were thrombosed. 

The brain revealed discrete foci of hemor- 
rhage and encephalomalacia, most marked on 
the lateral surface of the right temporal lobe. 
Microscopically, there was evidence of marked 
stasis and increased v'ascular permeability. 

Comment. This was our first experience 
with the artificial kidney. The anuria was 
ascribed to cystoscopy, ureteral catheter- 
ization and sulfadiazine. The artificial 
kidney was used only after all hope for 
recovery had been exhausted. Urine (275 
cc.) was voided in the six hours prior to 
death. At the present time we realize that 
treatment should not be deferred until 
irreversible changes have occurred. More- 
over, if treatment svith the artificial kidney 
is contemplated, surgical manipulation and 
creation of potential sites of bleeding should 
be avoided. The excoriations about the face 
and mouth were presumably due to pressure 
of oxygen masks and nasal catheters. These 
sites bled following heparinization. At 
autopsy small hemorrhages were found in 
the Iddneys, bladder, pelves, ureters, stom- 
ach and vocal cords. These areas had been 
the site of manipulation by either catheters 


or Levine tubes. A hemorrhagic broncho- 
pneumonia was present. Small foci of 
lieraorrhagc were found in the brain. It was 
recognized that the doses of heparin recom- 
mended by Kolff were far in excess of the 
amount required to prevent coagulation 

Table v 

BLOOD UREA NITROGEN AND SERUM CHLORIDES DURLVO 
TREATMENT WITH ARTIPlCtAL KIDNEY 

Case m; Chemical analyses of the blood during treat- 
ment with the artificial kidney. A, indicates the blood as 
it entered the machine from the radial artery; B, as it 
left the machine following dialysis prior to entry into a 
brachial vein. The water in bath at the end of four hours 
contained 27 Gm. of urea nitrogen. 




. ] 

Urea 

Chlorides . 
(mg. %) 

CO. 



Nitrogen 

Content 



(mg. %) i 

(vol. %) 

1 3-^ hours 1 

[A. 

IB. 

244 i 
13 

515 

655 

38.2 

35.1 

2H hours'! 

(A. 

IB. 

232 

27 

538 

644 

37.4 

24.2 

hoursj 

fA. 

IB. 

226 

13 

i 

550 

642 

34.4 

21.5 

1 


during the passage of blood through the 
artificial kidney. This discrepancy between 
the recommended and required dose of 
heparin is perhaps explained by the lower 
potency of the heparin available to Kolff. 

Urea nitrogen (27 Gm.) w'as removed 
from the blood in four hours and marked 
differences were noted in the urea nitrogen 
content of blood entering and leaving the 
machine. (Table v.) The carbon dioxide 
content of the patient’s serum fell slightly 
during treatment. The carbon dioxide 
content of the blood leaving the artificial 
kidney was much lower than that of the 
blood entering the machine. This effect was 
believed due to the escape of carbon dioxide 
in the process of dialysis. Unfortunately 
carbon dioxide combining power of the 
serum was not determined. The carbon 
dioxide content of the original bath fluid 
was 53 volumes per cent; the final content 
was 49.4 volumes per cent. Serum chlorides 
increased gradually to a normal level. The 
bath fluid contained 749 mg. per cent of 
chlorides (as sodium chloride) at the end 
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of the run; the original bath fluid had 
contained 674 mg. per cent. This alteration 
in bath fluid can be explained by a decrease 
in volume due to evaporation. 

Case iv. E. G., a thirty-three year old woman 
in June, 1 947 inserted two tablets of potassium 
permanganate into the vagina in order to induce 
an abortion. On July 5th, her menses failing 
to appear, she inserted two additional tablets. 
On the following day profuse vaginal bleeding 
began; she had shaking chills and a fever of 
106°f. a physician administered one injection 
of 100,000 units of penicillin subcutaneously. 
In the subsequent twelve hours the patient also 
ingested 5 Gm. of sulfadiazine and 13-^ Gm. of 
sodium bicarbonate. The chills and fever per- 
sisted and she was admitted to another hospital 
on July 7th. Physical examination revealed 
scleral icterus, slight tenderness in the right 
upper quadrant and vaginal bleeding. The 
hemogram revealed 3.75 million red blood cells, 
22,500 white blood cells with 89 per cent poly- 
morphonuclear leukocytes. Urine obtained by 
catheter contained bile, many red blood cells 
and a trace of albumin. The icterus and choluria 
disappeared several days after admission. On 
July 8th membranes which protruded from the 
cervical os were removed. She was treated with 
penicillin intramuscularly for the septic abor- 
tion and the temperature rapidly returned to 
normal. Oliguria was noted in the twenty-four 
hours following admission. On July 10th her 
blood urea nitrogen was found to be 150 mg. 
per cent. 

On July 12, 1947, cystoscopy was performed. 
A few drops of clear urine were obtained from 
each ureter. The catheters were left in place 
for forty-eight hours but no urine was obtained. 
The patient became drowsy, nauseated and 
extremely thirsty. She was treated with intra- 
venous sodium chloride, sodium lactate. Ringer’s 
solution, sodium bicarbonate and a high colonic 
slow drip of 10 per cent magnesium sulfate. 
However, she failed to respond to these measures 
and on July 18 th, following a transfusion of 
250 cc. of whole blood, she was transferred to 
the Mount Sinai Hospital. At this time her 
blood urea nitrogen was 245 mg. per cent, 
creatinine 8,5 mg. per cent and the carbon 
dioxide combining power was 17 volumes per 
cent. Icterus index was 11, the van den Bergh 
test was negative, total proteins were 5.1 Gm. 
per cent (with a normal albumin-globulin ratio) 
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and cholesterol was 124 mg. per cent (with 
55 per cent esters). 

Physical examination on July 18th revealed 
the presence of dyspnea, orthopnea, tachypnea 
and Kussmaul breathing. Twitchings were 
conspicuous. The temperature was 99.6°f.; 
pulse 120 per minute; respirations 40 per 
minute. The blood pressure was 140 mm. Hg 
systolic and 70 diastolic. There was moderate 
edema of the abdominal wall and back. Fine 
and coarse moist rales were heard at both lung 
bases. The abdomen was somewhat distended. 
Shifting dullness was present. No viscera were 
palpable in the abdomen. The remainder of the 
examination was within normal limits. 

Laboratory studies on admission revealed a 
hemoglobin of 5.4 Gm.; 1.72 million red blood 
cells; 17,500 white blood cells, of which 87 per 
cent were segmented polymorphonuclear leuko- 
cytes, 4 per cent non-segmented and 6 per cent 
lymphocytes. Urine, 30 cc., were voided in the 
initial twenty-four hours following admission. 
The specific gravity was 1.010. The urine was 
straw-colored, cloudy, the pH was 7.0. It 
contained moderate amounts of albumin and 
many white blood cells and red blood cells on 
microscopic examination. The urinary chlorides 
were 621 mg. per cent; the urea nitrogen of 
urine 310 mg. per cent. The blood urea nitrogen 
was 145, uric acid 18.7 and creatinine 15.9 mg. 
per cent. The carbon dioxide content was 12.1 
volumes per cent. The primary cause of the 
oliguria was not clear. Administration of sulfa- 
diazine and cystoscopy seemed to be possible 
aggravating factors. The patient was given 
supportive therapy with digitalis, small trans- 
fusions of whole blood and oral and intravenous 
sodium bicarbonate. A necrotic placental mass 
was removed a few hours after admission. 

On July 19 th, although the patient appeared 
comatose and virtually moribund, the artificial 
kidney was applied. Heparin, 450 mg., was 
administered slowly through the venous cannula 
in divided doses. An hour after the cannula had 
been introduced a chill occurred and the tem- 
perature rose to 103°f.; this gradually sub- 
sided. Throughout the run there was no sign 
of improvement. At the end of one one-half 
hours the blood pressure gradually began to 
fall. The run was immediately terminated and 
750 cc. of whole blood was given through the 
collateral inlet of the artificial kidney. Ten 
minutes after the treatment was terminated 
she again had rigors and twitchings which did 
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not respond to intravenous calcium gluconate. 
She remained in a coma and in peripheral 
collapse. The blood pressure was not measurable 
and the ventricular rate was 160 per minute 
with a tic-tac rhythm. No focal neurologic 
signs were obtained. The next morning she 
was unresponsive but had voided 2 ounces of 
urine. The lungs were clear. The clotting time 
was normal. The blood urea nitrogen was 
195 mg. per cent, uric acid 19.1 mg. per cent, 
chlorides 580 mg. per cent, total protein 6.9 Gm. 
per cent and carbon dioxide content 10.7 vol- 
umes per cent. In the twenty-four hours follow- 
ing dialysis she voided 1 00 cc. of grossly bloody 
urine. Her blood pressure gradually returned 
to 110 systolic and 40 diastolic. Her downhill 
course continued and she expired on July 21st, 
fourteen days after oliguria was first noted. 

Postmortem examination revealed no evi- 
dence of hemorrhage. The kidneys revealed the 
gross picture of lower nephron nephrosis. Their 
combined weight was 680 Gm. They appeared 
firm and tense. The expo.scd surface was dark 
gray and stippled. The cut surface revealed 
indistinct corticomedullary demarcation. The 
cortex was pale and edematous; the medulla 
revealed exaggerated black-gray rays converg- 
ing in each papilla. The brain was edematous. 
Microscopic examination of the kidneys con- 
firmed the gross impression. *- 

Comment. The patient was transferred to 
this hospital in terminal uremia, severe 
heart failure and marked acidosis. Urine 
(30 cc.) were voided prior to her treatment 
v\dth the artificial kidney and 60 cc. were 
voided following treatment. The chills and 
fever shortly after the start of dialysis were 
believed to be due to the heparin or 
pyrogens in the tubing despite scrupulous 
preparation. The fall in blood pressure 
made continuation of the treatment impos- 
sible since circulation through the machine 
could not be continued. At the end of the 
two-hour treatment with the artificial 
kidney 14 Gm. of urea nitrogen were found 
in the bath fluid. Other determinations 
were not attempted due to the unsatis- 
factory condition of the patient. 

Case v. J. W., a fifty-six year old white male, 
was admitted to the hospital on July 3, 1947, 
because of rectal bleeding which occurred with 


each bowel movement. Control of the anal 
sphincter had been lost seventeen years prior to 
admission following surgery for a rectal abscess. 
Slight anorexia and a 1 2-pound weight loss had 
been noted during the six months prior to 
admission. The remainder of the patient’s per- 
sonal and family history was non-contributory. 

Physical examination revealed a tvell de- 
veloped, well nourished, chronically ill man. 
Temperature was 99°f.; pulse, 75; respirations, 
14. The blood pressure was 145 systolic and 
70 diastolic mm. Hg. The significant physical 
abnormalities were confined to the rectum 
which revealed the scars of previous surgical 
operations, a lax sphincter tone and a sessile 
fungating mass on the anterior and right lateral 
walls of the rectum. 

Hemoglobin on admission was 13.0 Gm. The 
blood count and urinalysis were normal. The 
blood group was O (Landsteiner). 

On July 7, 1947, an abdominoperineal resec- 
tion was performed for adenocarcinoma of the 
rectum. The extension of the carcinoma into 
adjacent structures rendered its removal diffi- 
cult. Bleeding was profuse and the blood pres- 
sure fell to 55 systolic and 30 diastolic. Despite 
administration of 2,000 cc. of whole blood the 
blood pressure remained at 75 systolic and 50 
diastolic. A chill occurred following administra- 
tion of the third 500 cc. of whole blood. In- 
vestigation revealed that 500 cc. of group A 
(Landsteiner) blood had been given. Following 
the subsequent administration of 2,500 cc. of 
whole blood, 500 cc. of saline and 600 cc. of 
one-sixth molar sodium lactate solution intra- 
venously, the blood pressure gradually rose to 
124 systolic and 69 diastolic. The marked fall 
in blood pressure had persisted for approxi- 
mately eight hours. 

The subsequent course of the patient, urinary 
output, blood and urine examinations are 
illustrated in Table vi. On July 8th, the morning 
follorving the operation, the blood pressure 
was 130 systolic and 70 diastolic. The patient 
was dro^vsy, responded poorly but ^vas coherent. 
The total volume of intravenous and oral fluid 
was limited to a slow replacement of the amount 
obtained by Wangensteen suction plus 1 ,000 cc. 
for insensible loss. The choice of isotonic sodium 
chloride, 5 per cent glucose or one-sixth molar 
lactate was determined by the carbon dioxide 
and chloride content of the blood. Only 15 cc. 
bloody urine were voided during the twelve 
hours following operation. Successive specimens 
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of urine were found to contain large amounts of 
albumin, many epithelial cells, 6 to 10 red blood 
cells and a few to many white blood cells per 
high power field. The specific gravity of casual 
specimens ranged from 1.014 to 1.019. The 
hemoglobin was 10.4 Gm. On July 10th the 


Table vi 

Case v: Course prior to and following treatment with the artificial 
kidney. 


July 

Urine 

Blood 

Blood 

Pressure 

Vol./ 

24 hr. 

Urea 

Nitrogen' 

(mg. %) 

Urea 
Nitrogen 
(mg. %) 

Uric 
Acid 
(mg. 7o) 

Carbon 
Dio.\ide 
Content 
(vol. %) 

5 



9 



145/70 




Hursery-July 7th 



8 

IS cc. 


33 


54.5 

55/30 







130/70 

9 

47 cc. 

50 

50 

4.6 

60.5 

136/80 

10 

60 cc. 

72 

68 

5.9 

57.0 

136/78 

11 

80 cc. 

125 

81 

6.6 

42.4 

136/76 

12 

80 cc. 

ISO 

1 125 

7.5 

j 47.0 

154/70 

13 

250 cc. 


120 


61 .0 

184/84 

14 

200 cc. 

175 

147 

9.2 

1 

172/84 

15 

200 cc. 

163 

183 

10.5 

51 0 

180/80 

16 

275 cc. 

388 

142 

1 10.1 

37 0 

176/84 




i Artificial kidney 



17* 

250 cc. 

330 

95 

11.9 

41.0 

110/70 

18 

475 cc. 

260 

107 

14.3 

50.0 

160/64 

19 

1 

725 cc. 



— 


130/70 


* Chemical values on July 17th were determined on blood drawn 
nine hours after artificial kidney was disconnected. 


patient was alert and cooperative. Dependent 
edema and basal pulmonary rales appeared 
which promptly responded to further fluid 
restriction and digitalization. On July 13th the 
colostomy functioned well. On July 15th 
twitchings appeared and the patient appeared 
somnolent. Occasional, moist, bilateral, basal 
rales were heard. On July 16th he could not be 
roused. Twitching and hypersensitivity to mild 
stimuli were marked. The lungs were full of 
coarse, moist rales. All observers agreed that the 
patient was in extremis. It was thought that all 
other available measures had been exhausted 
and that the artificial kidney could certainly do 
no harm. 

The patient was treated with the artificial 
kidney on July 16th for eight hours. Heparin 
(700 mg.) was given intravenously over the 
initial two-hour period. Serial studies of the 
clotting time failed to reveal any evidence of 
clotting during the eight hours. The blood pres- 
sure was well maintained during this entire 
period. Restlessness and twitchings became less 
marked and after two hours the patient re- 
sponded to his name. At the end of the dialysis 
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the pulmonary edema was no longer present. 
Following this marked improvement, the pa- 
tient slowly became semicomatose once more. 
Perineal oozing of blood was noted after six 
hours. Whole blood (1,000 cc.) was then 
administered slowly, by-passing the machine. 
At the end of the dialysis an estimated 500 cc. of 
the patient’s blood was deliberately left in the 
machine to prevent overloading of his circula- 
tion. One hour after completion of the dialysis 
the oozing stopped. The details of alterations 
in the patient’s blood and the contents of the 
bath fluid following dialysis are included in 
Table vii. 

The blood urea nitrogen had risen from 9 mg. 
per cent on July 7th to 142 mg. per cent on 
July 16th immediately prior to application of 
the artificial kidney. After eight hours of 
dialysis the urea nitrogen level had fallen to 
92 mg. per cent. However, the level again rose 
in the ensuing days. This rise is ascribed to 
persistent oliguria, impaired concentrating ca- 
pacity of the kidneys, continued endogenous 
production of urea nitrogen, and re-equilibra- 
tion of the dialyzed circulating blood with the 
tissue fluids. Similarly, in the nine days prior to 
dialysis the serum creatinine rose from 2.9 mg. 
per cent to 5.8 mg. per cent. Following dialysis 
the blood level fell to 4.7 mg. per cent but three 
days later had again climbed to 11.2 mg. per 
cent. During the eight hours of treatment the 
serum chlorides increased slightly. The total 
proteins were not significantly altered. Slight 
hemolysis was indicated by the gradual increase 
in icterus index. Changes in blood constituents 
during and following dialysis are indicated in 
Tables ii and iii. No change in blood volume 
was demonstrated prior to or after the run 
(Evans blue). 

The morning after treatment, July 17th, the 
patient was restless and disoriented. There was 
marked sweating, twitching and cyanosis. 
The lungs were clear. The blood pressure was 
110 systolic and 70 diastolic. On July 18th 
nuchal rigidity appeared. Lumbar puncture 
yielded bloody, xanthochromic fluid. No micro- 
organisms were found on smear or culture. 
Total protein and chlorides were normal. The 
blood pressure was 160 systolic and 64 diastolic. 
On July 20th bilateral, constant Babinski 
reflexes and Cheyne-Stokes respiration were 
observed and the patient died. 

Postmortem examination revealed severe 
pulmonary edema, congestion and broncho- 
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pneumonia. Both cardiac ventricles were dilated. 
Multiple, small focal ecchymoses were found in 
the renal pelvis and bladder mucosa. 

The kidneys grossly presented the picture of 
hemoglobinuric nephrosis. Microscopic c.xami- 
nation revealed normal-appearing glomeruli 


had gradually increased to 275 cc. in the 
twenty-four hours prior to dialysis. 

Analytic data obtained during dialysis 
are given in Table vii. The blood urea 
nitrogen, creatinine and uric acid fell 
steadily during dialysis; the concentration 


Table vii 

CHFMIGAL ANALYSES OF THE BLOOD DURING TREATMENT WTTH ARTIFICIAL KIDNEY 

Case ii: Upper chart: Blood chemistries before and after dialysis. The dialysis decreased in efficiency because the 
bath water was not changed during the entire eight-hour run. Lower chart: Bath water samples taken at two-hour 
inteiA’als indicate gradual increase of dialyzed products. Total bath fluid is 100 L. Consequently, in eight hours 59 Gm 
of urea nitrogen, 2.5 Gm. of creatinine and 2.9 Gm. of uric acid had been removed from the blood. 



Urea 

Nitrogen 

(mg. %) 

Creatinine 
(mg. %) 

Uric Acid 
(mg. %) 

Phosphorus 

(mg.%) 

CO. 
Content 
(vol. %) 

Chlorides 
(NaCl) 
(mg. %) 

Icterus 

Index 

Total 
Proteins 
(Gm. %) 

Gontror 

» 1 




10 1 

3.0 


468 

12 

5.0 

1 

fA. 




9 8 

2 0 

30 5 

515 

12 

4 8 

2 hours*^ 

IB. 


3 

8 

6 6 

1 2 

27 0 

538 

15 

4 7 

1 

[A. 

112 

5 

1 

10.1 

2 0 

30 0 

527 

15 

4 3 

4 hoursi 

IB 

40 

2 

6 

4.9 

2 1 

31 0 

573 

21 

4 3 

I 

fA. 

87 

5 

1 

8 6 

2.0 

26 0 

573 

15 

4 4 

6 hoiiTS ^ 

IB. 

56 

3 

1 

5 6 

1 6 

26 3 

632 

21 

3 7 

1 I 

fA. 

92 



7 2 

2 0 

28 0 

620 

20 

4 6 

o nours^ 

IB. 

52 



4 9 

1 5 

25 6 

550 

20 

4.6 


Contents of Bath Fluid (mg. %) 



Urea Nitrogen 

Creatinine 

Uric Acid 

Phosphorus 

2 hours 

17 

1 2 


1.6 

4 hours 

36 

1.6 

1.8 

1.5 

6 hours 

56 

2.1 

2 4 

2 0 

8 hours. 

59 

2 5 

2 9 

2.0 


* Control chemistries were drawn six hours prior to treatment with artificial kidney. 

A. = Blood sample from radial artery cn route to machine. 

B. = Blood sample following dialysis from machine to brachial vein. 


except for albuminous material in Bowman’s 
space. The severest degenerative changes were 
found in the loops of Henle and distal con- 
voluted tubules which contained hemoglobin 
casts. Areas of necrosis and regenerating tubular 
epithelium were present. The cortex and 
medulla showed focal infiltration with chronic 
inflammatory cells. The blood vessels were 
congested with few antemortem thrombi. 

Examination of the brain was not made. 

Comment. The artificial kidney was ap- 
plied after nine days of oliguria and 
progressive uremia. The urinary output 


of these retention products in the bath 
increased concomitantly. The carbon di- 
oxide content of the serum diminished 
slightly; serum chlorides gradually rose. 
There was little change in the total protein 
of the serum; the protein content of the bath 
was not determined. A slight degree o 
hemolysis was indicated by the increase in 
icterus index of the serum during dialysis. 
Although the level of serum phosphorus 
remained unchanged, appreciable quan- 
tities appeared in the bath fluid. The plasrna 
glucose level of blood obtained from t e 
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radial artery rose from 80 mg. per cent prior 
to treatment to 280 mg. per cent at the end 
of treatment. 

The downhill course of the patient con- 
tinued following dialysis. However, the 
urinary output continued to increase. The 
day following treatment with the artificial 
kidney signs of meningeal irritation ap- 
peared. Xanthochromic fluid containing 
many red cells were obtained by lumbar 
puncture. The bleeding was ascribed to 
either heparin and/or uremia. Of interest 
in this regard is the concept of Globus^® that 
cerebral softening antecedes cerebral bleed- 
ing. This patient, fifty-six years of age, and 
B. C., sixty-two years of age, manifested 
intracranial bleeding. When loss of vascular 
structure or support has occurred, poten- 
tiation of hemorrhage by heparin may be 
anticipated. Jorpes has stressed the large 
doses of heparin that may be administered 
to animals and man without producing 
hemorrhage as long as vessel walls remain 
intact. Consequently, heparinization ap- 
pears less hazardous in younger age groups. 

It is our impression that restitution of 
kidney function might have been accom- 
plished in this patient had we started to use 
the artificial kidney sooner. In addition 
smaller doses of heparin appear to be 
indicated, especially in older patients in 
whom degenerative vascular changes may 
have occurred. 

Case vi. L. M. was transferred to the 
Mount Sinai Hospital in November, 1947, 
because of anuria and marked oliguria of five 
days’ duration. His past history included an 
appendectomy in 1943 and myocardial infarc- 
tion in 1944. Chronic cholecystitis and chole- 
lithiasis were known to be present since 1945. 
The patient was admitted to another hospital 
where cholecystectomy was performed and a 
gallbladder full of stones was removed. The 
operation was uneventful and the blood pressure 
was well maintained. On the first postoperative 
day the patient’s condition was satisfactory and 
he voided 400 cc. of urine. On the second post- 
operative day he suddenly developed a fever 
of 106.6°f. followed by a precipitous fall in 
blood pressure to 76 mm. Hg systolic. The blood 
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pressure hovered around that level for the next 
forty-eight hours. No urine was voided during 
the second and third postoperative days. After 
forty-eight hours of shock the blood pressure 
gradually rose to a high of 172 systolic and 95 
diastolic. There was no subsequent fall. No 
urine was voided except for approximately 
30 cc. per day on the fourth and fifth post- 
operative days. The abdomen remained soft; 
the wound was examined and probed, but no 
abnormality was noted. Blood cultures were 
negative. A right lower lobe pneumonia was 
treated with penicillin. As the anuria persisted 
the blood urea nitrogen rose to 1 14 mg. per cent. 
No urine could be obtained from either renal 
pelvis by cystoscopy and ureteral catheteriza- 
tion. After five days of anuria the patient was 
transferred to the Mount Sinai Hospital for 
treatment with the artificial kidney. 

Physical examination revealed an acutely ill, 
somnolent and somewhat disoriented male. 
His skin itched. He had constant muscular 
twitching and Cheyne-Stokes respiration. The 
temperature was 101°f. The blood pressure was 
172 mm. Hg systolic and 95 mm. diastolic. 
There was no jaundice or peripheral edema. 
The mouth and tongue were dry. Examination 
of the lungs revealed coarse rales over the right 
lower lobe posteriorly, with impaired percussion 
note over the same area. The lungs were other- 
wise normal. The heart was normal. The pulse 
was regular and slow. The abdomen was dis- 
tended and audible hyperperistalsis was noted. 
There was a healing upper abdominal incision 
with retention sutures and drains in the upper 
angle of the wound. There was no pus on prob- 
ing of the wound and no wound tenderness. 
There were no palpable abdominal masses. 

Examination of the blood revealed a hemo- 
globin of 13.8 Gm., white blood count 14,300 
with 81 per cent segmented polymorpho- 
nuclears, 12 per cent stab cells and 4 per cent 
lymphocytes. The patient was catheterized on 
admission and 6 cc. of very bloody urine were 
obtained. Urinalysis showed a specific gravity 
of 1 .020, protein 3 plus, many casts, leukocytes 
and red cells. The blood urea nitrogen was 
110 mg. per cent on the night of admission and 
124 mg. per cent on the following morning. 
The carbon dioxide content of the blood was 
49.1 volumes per cent. The electrocardiogram 
showed no evidence of recent myocardial infarc- 
tion. It was believed that the patient had a hep- 
atorenal syndrome following cholecystectomy. 
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The restlessness, twitchings, convulsive move- 
ments and cerebral depression continued to 
progress. On the morning after admission treat- 
ment with the artificial kidney was begun. 
Heparin (400 mg.) was given intravenously in 
divided doses prior to the onset of dialysis. 
Repeated tests of the clotting time failed to show 
any evidence of clotting within four hours. 
After one hour of dialysis bleeding developed 
at the operative site. The oozing persisted and 
after the second hour of dialysis the blood pres- 
sure gradually fell to a level of 90 systolic and 
60 diastolic. With the drop in systolic blood 
pressure, the circulation through the apparatus 
could not be maintained and dialysis had to be 
terminated. Three units (1,500 cc.) of whole 
blood and 6 cc. of 1 per cent protamine sulfate 
had been given via the collateral inlet of the 
artificial kidney; t\vo additional units of whole 
blood were subsequently administered in the 
ne.xt hour. The clotting time reverted to 7 min- 
utes, the oozing stopped and the blood pressure 
rose to 110 systolic and 70 diastolic within an 
hour after dialysis was terminated. 

Immediately before the start of dialysis the 
following data were obtained: blood urea nitro- 
gen 107, uric acid 16.7 and creatinine 10.5 mg. 
per cent. At the end of two hours of dialysis the 
blood urea nitrogen had fallen to 69, the uric 
acid to 7.1 and the creatinine to 7.2 mg. per 
cent. The 100 L. of bath fluid were found to 
contain 20 mg. per cent of urea nitrogen, 4.8 mg. 
per cent of uric acid and 2.9 mg. per cent of 
creatinine. FolIo\ving dialysis, as the interstitial 
fluids and the circulating blood once again 
equilibrated, the blood content of these sub- 
stances rose again. The blood urea nitrogen 
determined daily increased steadily to 103, 112, 
132 and finally 154 mg. per cent. The carbon 
dio.xide content of the blood gradually dropped 
to 39.4 volumes per cent. 

The morning after dialysis 90 cc. of grossly 
bloody urine were obtained by catheter. During 
the next few days the urinary output gradually 
increased so that twenty-four hours prior to 
death the patient voided 250 cc. The specific 
gravity ranged from 1.014 to 1.020. The urine 
contained albumin, many red, white and epi- 
thelial cells and moderate numbers of granular 
casts. The manifestations of uremia were 
progressive. The temperature rose to 105°f. and 
the patient expired on the sixth hospital day. 

Postmortem examination revealed acute pul- 
monary edema. The right coronary artery was 
found to be the site of an old thrombotic oc- 


clusion with resultant infarction of the postero- 
lateral wall of the left ventricle. The right 
hepatic artery had been ligated surgically and 
two peripheral infarcts of the liver were present. 
The kidneys together weighed 560 Gm. and 
revealed bilateral, subacute cortical necrosis 
with secondary inflammation and pyelitis. On 
microscopic examination the entire renal corte.x 
showed severe degeneration and necrosis of the 
epithelium of the convoluted tubules. The inter- 
vening stoma was edematous and infiltrated by 
lymphocytes and large mononuclear cells. The 
renal alterations were ascribed predominantly 
to shock; the influence of ligation of the hepatic 
artery could not be evaluated. 

Comment. This patient had been in 
chronic shock possibly initiated or aggra- 
vated by ligation of a main hepatic artery 
and consequent focal infarction of the liver. 
He tvas in far advanced uremia at the time 
that therapy with the artificial kidney was 
instituted. Shortly after large doses of 
heparin were administered oozing at the 
operative site w'as noted. The wound had 
been repeatedly probed and manipulated 
by surgeons who were attempting to find 
a local cause for the fever. It is questionable 
whether the wound would have bled seven 
days after operation had these manipula- 
tions not occurred. The bleeding led to a 
fall in blood pressure despite administra- 
tion of whole blood by the collateral inlet 
of the artificial kidney. As the blood pres- 
sure fell circulation through the kidney 
became ineffective and stasis occurred in 
the loops. A controlled volume of blood 
was returned to the patient and treatment 
was terminated. 

The possibility of shock due to exsan- 
guination of the patient into the machine 
is counterbalanced by filling the cellulose 
acetate coils with either blood or saline 
prior to the start of dialysis. Consequently 
as blood enters the apparatus displaced 
blood or saline is returned to the patient. 
Even a slight excess of inflow over egress 
causes distention of the tightly wound coils 
and permits immediate reduction in the 
volume of blood leaving the patient w'hile 
return to the patient continues unabated. 

The dialysis in this instance was limited 
to two hours. However, marked diminution 

OF medicine 


AMERrCAN JOURNAI, 



Kolff Artificial Kidney — Fishman et al. 


in blood urea nitrogen, creatinine and uric 
acid were demonstrated even in this short 
time, illustrating again the dialyzing effi- 
ciency of the apparatus. 

COMMENTS 

We have treated six patients with the 
artificial kidney; case ii was treated twice. 
Cases I and ii are our recent patients; both 
recovered. Cases iii, iv, v and \n constitute 
the initial group treated with the artificial 
kidney. They were in extremis prior to treat- 
ment. However, they served to establish 
the potentialities of the apparatus and to 
indicate the advisability of applying the 
artificial kidney before irreversible changes 
have occurred. 

There can be no doubt that the Kolflf 
artificial kidney is mechanically capable of 
efficient and rapid dialysis. The exposure 
of a large surface of blood to a bath fluid 
of predetermined composition is accom- 
plished by means of the semipermeable 
membrane of cellulose acetate. Small mole- 
cules (up to a molecular weight of approxi- 
mately 35,000) traverse this membrane. 
The rate of molecular exchange across the 
membranes is largely influenced by the 
relative concentrations of the solutes in 
blood and bath as well as the duration of 
exposure of the blood film to the bath fluid. 
The dialysis is controlled by variation in 
the composition of the bath. Urea, crea- 
tinine, uric acid, sodium, calcium, phos- 
phorus, phenols and substances of similar 
molecular weight are readily removed; the 
larger molecules, including the serum pro- 
teins, traverse the membrane with difficulty. 
Any substance in blood capable of freely 
passing through the membrane may be 
removed from the blood by omitting it from 
the bath fluid. 

Other types of “artificial kidneys” have 
been built. The essential principles are 
similar in all. The variations depend upon 
the mechanical ingenuity of the creator. 
However, all types require the use of 
heparin to maintain the fluidity of the 
blood as it passes through loops of cello- 
phane; heparin has made the artificial 
kidney possible. However, its shortcomings 

JULY, 1949 


must be kept in mind. Recent surgical 
operation or other trauma creates the 
hazard of bleeding due to heparinization. 
Large doses of heparin had been adv'-ocated 
to prevent coagulation in the apparatus. 
We soon learned that this dosage is exces- 
sive. Our first patient (Case ii), a sixty-three 
year old male, was given 820 mg. of 
heparin in four hours. Postmortem ex- 
amination revealed small hemorrhagic foci 
in the brain. A fifty-six year old male 
(Case III) was given 700 mg. of heparin 
intravenously over an eight-hour period. 
Permission to examine the brain at autopsy 
was denied. However, xanthochromic fluid 
was obtained by lumbar puncture. The 
predisposition of these older patients with 
uremia to hemorrhage is well known and 
caution in heparinization is essential. A 
young woman (Case iii) was given 450 mg. 
intravenously in one hour. At autopsy she 
showed no evidence of intracranial bleed- 
ing. No significant visceral hemorrhage 
was found in any case. We now use 100 to 
200 mg. of heparin intravenously at the 
start of dialysis, followed by 50 to 100 mg. 
intravenously as determined by hourly 
determinations of the clotting time. A 
coagulation time of at least one to two 
hours during the treatment appears desir- 
able. Whole blood, toluidine blue and 
protamin are available at all times as 
heparin-antagonists. 

The literature contains descriptions of 
various methods of dialysis. These include 
perfusion of intestinal loops, serous surfaces 
and synthetic membranes. It is not the 
purpose of this paper to evaluate the 
relative merits of these methods. The end 
sought by each means is identical. How- 
ever, use of an apparatus which permits 
dialysis outside of the body is more benign 
than other measures which either require 
major surgical intervention or have the 
obvious hazard of causing infection. Even 
the use of a Miller-Abbott tube and con- 
tinued irrigation of the intact intestine “ 
is a tedious and troublesome process usually 
complicated by diarrhea which further 
disturbs water and electrolyte balance. 

It is our intention to employ the artificial 
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kidney in those patients with acute non- 
obstructive anuria \vho fail to respond to 
conservative, w'ell directed medical man- 
agement. Mui'ray*® has noted the poor 
results obtained in animals which are 
allowed to become moribund prior to the 
onset of therapy. Our experiences also 
indicate that irreversible changes must not 
be permitted to occur before dialysis is 
undertaken. We have stressed elsewhere 
the relatively high incidence of spontaneous 
diuresis in acute non-obstructive nephro- 
pathies and have urged care in maintaining 
electrolyte balance and avoidance of circu- 
latory embarrassment by over-zealous ad- 
ministration of fluid. When it becomes 
apparent that medical measures are failing, 
artificial dialysis should be considered. 
It is obvious that this treatment is not cura- 
tive but can aid in prolonging the patient’s 
life until spontaneous regeneration of the 
damaged renal tissue may occur. By the 
same token it is obvious that the artificial 
kidney should be reserved for those cases 
in which restoration of renal function can 
be anticipated rather than for cases of 
chronic progressive renal disease. 

SUMMARY 

The Kolff artificial kidney was used in 
six cases of acute uremia caused by non- 
obstructive nephropathies. Clinical histories 
and laboratory data are presented in detail. 
The apparatus was shown to be mechani- 
cally competent. Its sphere of usefulness is 
described. 
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Transperitoneal Lavage for Twenty-six 
Days in the Treatment of Azotemia* 

G. K. Fenn, M.D., L. A. Nalefski, m.d. and J. Lasner, m.d. 

■ Chicago, Illinois 


E ver since the introduction in 1914 
by Abel, Rowntree and Turner^ of 
the artificial means of removing 
substances ordinarily excreted by the kidney, 
considerable attention has been focused on 
newer and more satisfactory means of com- 
bating azotemia. It is a well known fact that 
when the blood concentration of non- 
protein nitrogen and urea is elevated these 
substances will be excreted into the intes- 
tinal tract. Advantage of this fact was taken 
by the use of gastroduodenal lavage and 
the production of diarrhea with only mod- 
erate success. Suggestions for the use of 
isolated loops of intestine subjected to con- 
tinuous lavage seem for the moment doomed 
to failure since studies to date indicate that 
over 10 feet of bowel as an isolated segment 
would be required to supply 10 per cent of 
maximum normal renal clearance (75 ml. 
per minute). The procedure is at present 
still being studied by Kolff who hopes to 
succeed in this with the use of proper 
dialyzing fluids and diet. Ochsner has sug- 
gested that the employment of gastro- 
duodenal lavage may be a solution to the 
problem. However, completed studies em- 
ploying this method have not been reported. 
Kolff and Berk^ have recently popularized 
the "vivi-diffusion” method in treatment of 
azotemia. This procedure involves the use 
of some 25 to 30 meters of cellophane-like 
material similar to sausage casing (which 
is a permeable membrane) submerged into 
a container filled with a salt solution that 
can be varied with the changing blood 
chemistry of the patient. In this manner the 


blood proteins are preserved and acidosis 
and other acid-base factors can be more 
readily controlled. Blood is introduced into 
the unit from a cannulated artery and is 
allowed to trickle over the extensive surface 
area (20,000 sq. cm.) presented by the 
cellophane tubing. As the blood flows 
through the tubing, dialysis takes place 
and an equilibrium is established between 
the blood and the extra tubular fluid. In 
this manner the nitrogenous products which 
are crystalloids are removed from the blood 
stream. The blood is then readmitted into 
the circulation by pumping it into a vein. 
Naturally, this procedure calls for having 
the patient well heparinized. This unit is 
very efficient but the technicalities involving 
the use of this procedure, construction and 
operation of the unit are responsible for its 
rather limited use and acceptance. Still 
other methods for treating azotemia are 
decapsulation,®'^ high splanchnic block® 
and the use of large doses of heparin. The 
latter procedure is advocated by Kallner® 
and shows promise in selected cases. De- 
capsulation is of unquestionable value when 
edema of the kidneys precludes their func- 
tion because of compression of the renal 
parenchyma. Peritoneal lavage was in trn- 
duced by Gan ter m 1923 " and ha s been 
resorted to clinically on numerous oc- 
casions. At least twenty-two cases have 
been reported in the literature and eight 
recoveries can be attributed to its use. 

The need for some temporary renal sub- 
stitute occurs only when reversible or non- 
permanent damage or insult involves the 


* From Medical iii and Surgery iv Service, St. Luke’s Hospital, and Northwestern University School of Medicine, 

Chicago, 111. 
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kidneys. These occasions ai'e diosc involving 
hemolytic crisis following the infusion of 
improperly typed blood, toxic sulfa reac- 
tions, mercurial poisoning, crush syndromes, 
burns and other forms of urinary tract 
disease in which the ultimate prognosis is 
fair if the immediate crisis can be met. 
Truetta® has pointed out that renal anoxia, 
found in a number of pathologic conditions, 
was probably the result of overstimulation 
of the vascular nerves. He further showed 
that by peripheral reflex and direct stimula- 
tion the renal cortex of the kidney became 
completely ischemic. He concluded by 
noting that under such conditions the flow 
of urine is decreased or may be entirely 
suppressed. His implications are that “nerve 
stimulation could be produced centrally or 
peripherally by a variety of noxious agents 
and the picture seen in many loosely related 
syndromes — e.g., ‘sulfa-kidney,’ incompati- 
ble-transfusion kidney, Weil’s disease, and 
some forms of nephritis — is the result of a 
defense device by \vhich the corte.x of the 
kidney is e.xcluded from the circulating 
to.\in or other noxious agents and thus 
protected.” Too prolonged operation of the 
device results in permanent damage. This 
concept of a functional change-over under 
various conditions to a medullary renal 
circulation has obvious physiologic, patholo- 
gic and clinical implications. For instance, 
the interpretation of renal function tests 
must be considered. The pathology" of 
hysterical uremia, emotional anuria, post- 
abortum and post-traumatic uremia, and 
the response of these last two to splanchnic 
block are readily explained. Olson and 
Necheles called attention to the controversy 
over the mechanism of impaired renal 
function.® It was pointed out that a number 
of patients with peptic ulcer, who had nor- 
mal renal function before treatment with 
calcium carbonate, developed marked de- 
pressed renal function during alkalosis. The 
Army Malaria Research Unit at Oxford*® 
described the effects of large doses of 
alkali in normal men and found that all 
subjects had disturbances of renal function. 
Baker and Dodds’** theory of acidosis pre- 


cipitating acid hematin with subsequent 
mechanical block in the tubules has been 
subjected to considerable criticism. This, 
of course, is the basis for the alkalosis 
therapy. Wakeman*- states that there is no 
support for the theory that acidosis in black- 
water fever is an indication for alkaline 
therapy. Foy and Kondi*® described cases 
of anuria frequently developing in patients 
who had slight hemolysis and passed alkaline 
urines and other patients who failed to 
develop anuria although they had marked 
hemolysis with an acid urine. In 1943 these 
workers*'* carefully reviewed the alkaliniza- 
tion hypothesis and concluded that there 
was insufficient evidence to \varrant any 
statement as to the efficiency of alkaline 
solutions in either preventing or relie\ang 
the oliguria and anuria in blackwater fever, 
incompatible transfusions and crush injuries. 
However, the institution of the alkaline 
therapy very early in hemolytic accidents 
before oliguria or anuria become apparent 
may be the reason for its so-called success 
in many cases. The same may hold true for 
the intravenous use of isotonic sodium sul- 
fate as described by Olson and Necheles.® 
At any rate, it is evident that considerable 
confusion exists in the understanding and 
treatment of oliguria and anuria whether 
it be from the more common sequelae or 
from other more remote complications. 

Transperitoneal lavage has been studied 
very^ carefully by a number of investiga- 
tors.*®’*®’*® Fine, Frank and Seligman*®’*®’"® 
have been pioneers in this procedure and 
have reported their results elsewhere. 
Canter’s original work in 1923 has been 
improved upon by these authors with the 
institution of continuous lavage and the 
use of lavage fluid more closely resembling 
the electroly'te composition of extracellular 
fluid. The lavage fluid must be considered 
carefull}'^ insofar as the blood chemistry of 
the patient can and \vill be altered by 
changing its composition. By making the 
fluid hy^po- or hy'pertonic, the blood stream 
and hence the extracellular fluid will react 
in the usual manner. Generalized edema 
and especially’^ pulmonary edema can thus 
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be regulated and controlled by it. The 
composition of the lavage fluid as suggested 
by Seligman et al.^o is a modifled Tyrode’s 
solution. It is reputed to be especially 
eflective in combating acidosis, but that 
this does not hold will be illustrated by the 
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thus accomplish dehydration. Dehydration 
can be still further increased by eliminating 
all sodium salts from the lavage fluid. 

The apparatus used in the case reported 
here follows that of Fine et al. very closely. 
Several minor variations were introduced 



Fig. 1. This illustrates the simplicity ot the apparatus used in transperitoneal 
lavage, a is the constant head siphon storing the influent lavage fluid; b shows 
the details of the heating unit used to bring the lavage fluid to body temperature; 
c is the effluent lavage fluid container; d is the suction pump. 


case we are reporting. Slight alterations of 
the composition of this fluid, as by the 
addition of greater amounts of glucose, will 
provide nearly all of the caloric require- 
ments of the patient and hence eliminate 
the necessity of parenteral administration of 
fluids of this sort and thus limit the possi- 
bility of pulmonary edema. Should pul- 
monary or generalized edema develop the 
fluid can be made hypertonic with 5 per 
cent gelatin and 2.5 per cent glucose and 
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which we believe were of value. One of 
these was the method used in bringing the 
lavage fluid to body temperature. This 
consisted of a small wooden box, measuring 
about 1 cu. ft., in wliich was mounted a 
lamp socket and lamp. About 4 feet of in. 
copper tubing was coiled closely around 
the lamp. It was found that a lamp of about 
sixty watts was sufficient to raise the tem- 
perature of the lavage fluid from room to 
body temperature. This procedure con- 
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served approximately 500 calories of body 
heat per day as well as provided a more 
homeostatic character to the lavage fluid. 
Once the lavage fluid was started the 
temperature adjustment required no fur- 
ther attention. The heating unit could be 
conveniently placed in bed with the patient. 
Another variation was the introduction of 
a constant head siphon in the lavage fluid 
storage bottle. This provided a constant flow 
to the fluid and once set need not be 
changed or adjusted. A number of different 
types of suction pumps was used to remove 
the lavage fluid from the peritoneal ca\Tty, 
but the one thought to be most satisfactory 
was the Thermotic Drainage Pump.* This 
pump provided ample suction without 
danger of trauma to the viscera and also 
had the added feature of being entirely 
noiseless. The lavage fluid was prepared in 
ordinary 5 gallon carboy bottles and 
mounted on a platform stepladder about 
3 feet above the patient. The bottles were 
sterilized before each batch of lavage fluid 
was prepared by inserting them into the 
dressing room steam sterilizer on the ward 
floor. They were filled with freshly distilled 
water without any further efforts to sterilize 
the water. Tyrode’s solution was prepared 
in accordance with the suggestions of Fine 
et al. and added to the distilled water. 
Figure 1 illustrates the equipment used 
by us. 


CASE REPORT 

On March 7, 1947, C. H., a thirty-one year 
old colored male, was admitted to St. Luke’s 
Hospital, Chicago, in a confused state following 
two convulsive seizures. His wife who accom- 
panied the patient left before any history could 
be elicited. The patient was irrational to the 
extent that he did not know nor realize where 
he was, hence no history pertaining to his illness 
could be obtained from him. His blood pressure 
upon admission was 240 systolic and 140 
diastolic, pulse 90 and temperature 99.2°f. 
rectally. Respirations ^vere 25 per minute and 
labored. His chest had a few moist rales in both 
bases. The liver was 3 cm. below the costal 

* Manufactured by the Gomco Surgical Manufactur- 
ing Company. 


margin. There were no neurologic findings. 
Venesection was' performed and aminophyllin 
and sedation given. The usual emergency 
laboratory' tests were negative and the impres- 
sion was that of a hypertensive encephalopathy. 

The following day additional history was 
obtained from his wife. She stated that the 
patient had been quite well except for a cold 
from which he had recovered. She added that 
he was a known hypertensive but had been 
without symptoms until three day's preceding 
his admission. On the day' of admission he awoke 
complaining of epigastric pain and nausea. He 
did not vomit. This continued and was unre- 
lieved by a cathartic; the patient was taken to 
his own doctor \vho told him that he needed 
digitalis. That morning he took two tablets and 
a second similar dose at noon. About this time 
he complained of blurring of vision and some 
mental confusion. About 2 p.m. he had a con- 
vulsive seizure %\'hich his rvife described as 
beginning with a cry' and followed with a 
spastic type of condition immediately preceding 
a more dynamic type of convulsion. The 
description was that of a rather typical grand 
mal seizure. It had a duration of about two 
minutes or less. There was a second seizure an 
hour or so later and the patient was then brought 
to the hospital arriving about 5 : 00 p.m. The 
patient never had convulsive seizures in the past. 

He was known to be hypertensive for the 
past four years. At this time he was employed 
at the Duke University' Hospital. It w’as here 
that his hypertension was discovered. An opera- 
tion was considered and then decided against. 
The patient had been on a lo^v salt, lo^\' protein 
diet since that time. He had one or bvo episodes 
of ankle edema and became dyspneic with 
slight exertion. He did not complain of orthop- 
nea, chest pain, cough or hemoptysis. To 
any'one’s knowledge he did not have nephritis, 
but it ■was stated by his rvife that all of his family 
died of so-called “heart dropsy'.” The patient 
was born and reared in North Carolina and 
left there eighteen months before his admittance 
to our hospital. 

Inventory by sy'stems revealed that the pa- 
tient neither gained nor lost weight. His health 
was considered “precarious.” He had had 
severe headaches on exertion ever since child- 
hood. He had one very sore throat when a child 
which kept him in bed for two -weeks. The 
gastrointestinal review was negative except for 
the pain and nausea described in the history' and 
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constipation for which he used numerous laxa- 
tives. The genitourinary system was normal with 
the exception that the patient was bothered with 
frequency and nocturia. For this reason he 
avoided fluids after eating his evening meal. 

His past history revealed that he had the 
usual childhood diseases. There was no history 
of nephritis or rheumatic fever, neither was 
there any history of surgery. 

His personal history revealed that he ^vas a 
butler, that he used tobacco only occasionally, 
did not use alcohol and that he remained con- 
stantly on a salt poor and low protein diet. His 
appetite was described as being poor. 

Physical examination at this time revealed a 
well developed, well nourished colored male 
about thirty-one years of age lying quietly in 
bed somewhat confused and very somnolent. 
The external occular movements were normal; 
pupils were round and equal but reacted 
sluggishly to light and accommodation, Fundu- 
scopic examination revealed a hypertensive 
retinitis grade 3. There were no new hemor- 
rhages. The ears, nose, throat and neck were 
essentially normal. His lungs were now clear to 
percussion and auscultation and tactile fremitus 
was bilaterally equal. The heart sounds were 
markedly accentuated. The rhythm was regular 
and the rate was 100. The apex was found to 
be 2 cm. to the left of the mid-clavicular line. 
No murmurs were heard in any of the stations 
with the exception of some roughening of the 
first tone at the apex. There was no friction rub. 
The blood pressure at this time was 238 systolic 
and 112 diastolic. The liver, kidneys and spleen 
were not palpated. There was no abdominal 
tenderness or rigidity and no evidence of any 
mass in the abdominal cavity. The bowel sounds 
were normal. The bladder was not distended 
and there was no costovertebral tenderness. 
The genitalia were normal and there was no 
evidence of edema. Neurologically, the reflexes 
were bilaterally equal and physiologic. The 
cranial nerves were all intact and no pathologic 
reflexes were found. 

The morning after admittance the patient 
remained in a semi-stuporous condition. He 
voided 400 cc. at noon and later the same day 
was catheterized to check for obstruction and 
40 cc. of urine were obtained. The urethra was 
patent throughout. At 5:00 p.m. the same day 
he again voided 200 cc. Laboratory reports at 
this time showed a red blood count of 2,080,000; 
white blood count 14,900; hemoglobin 6.8 Gm. 
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per cent; non-protein nitrogen 150 mg. per cent; 
creatinine 11.9 mg. per cent; CO 2 combining 
power 54 volumes per cent; icteric index 2.0. 
His total urinary output for that day was 640 cc. 

The following day he voided 100 cc. and 
none the following two days. An electrocardio- 
gram indicated myocardial damage on a hyper- 
tensive basis. His blood chemistry now showed 
a rapid increase in nitrogenous products with 
his anuria and on the fifth hospital day had this 
picture: non-protein nitrogen 258 mg. per cent; 
urea 203 mg. per cent; creatinine 22.2 mg. per 
cent; total protein 5.6 Gm. per cent; calcium 
9.6 mg. per cent; phosphorus 13.8 mg. per cent. 
In addition his red blood count had fallen to 
1,080,000; white blood count was now 19,000 
and hemoglobin 4.3 Gm. per cent. A differential 
white count showed 94 per cent polymorpho- 
nuclear leukocytes and 6 per cent lymphocytes. 
The urine voided on the second hospital day 
was acid in reaction and had a specific gravity of 
1.008, 100 mg. per cent plus albumin, 2 plus 
red blood cells and 3 plus white blood cells. It 
was negative for sugar and showed occasional 
granular and hyaline casts. 

Prior to this time the patient had already 
showed uremic frost and all of the other clinical 
signs of a full blown uremia. A portable KUB 
plate made on the second hospital day indicated 
a possibility of a renal stone in the left renal 
pelvis. It was very evident that the patient’s 
condition was at the terminal stage. No specific 
diagnosis had been made up to this time. Several 
of the more obvious diagnoses were considered, 
among them polycystic kidneys and a malignant 
nephrosclerosis. Still it was believed that this 
could be a reflex anuria on the basis of a stone 
somewhere in the genitourinary tract. A renal 
stone in -the presence of already damaged kid- 
neys could explain the clinical picture presented 
by this patient. With the strong impression that 
the possibility of recovery was remote, the 
patient was subjected to continuous transperi- 
toneal lavage in order to reduce his azotemia. 

With the patient in bed and under local 
anesthesia two midline incisions were made. 
One, for the influent lavage tube, was placed 
mid-way between the xiphoid process and the 
umbilicus. The effluent side was placed approxi- 
mately 4 cm. above the symphysis pubis. A 
better positioning of these tubes would have 
been to place them in either flank as shown by 
other investigators. The influent tube con- 
sisted of ordinar}?^ laboratory rubber tubing 
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% in. in diameter with multiple perforations. of fibrin which formed in spite of the initial 
The tubing was about 6 inches long. The effluent dosage. This amount of heparin did not alter 

tube was a stainless steel sump drain with the patient’s bleeding time, 

multiple perforations. It was directed toward Seligman et al.^® in his work with dogs found 
the cul-de-sac. The lavage fluid consisted of the that the most efficient rate of lavage was some- 

following amounts of anhydrous materials per where between 25 and 40 cc. per minute, re- 
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Fig. 2, The above curves illustrate the trend of the concentration of 
non-protein nitrogen products in the blood as well as the daily amounts 
of urea removed by lavage. 

liter of fluid: sodium chloride, 8.0 Gm., potas- quiring a total of 36 to 58 L. of fluid per da). 

slum chloride 0.2 Gm., calcium chloride 0.1 Volumes below this were inefficient and volum^ 

Gm., magnesium chloride 0.1 Gm., sodium above were of no particular benefit. We planne 

dihvdrogen phosphate 0.05 Gm., sodium bi- to pass 40 L. per day through this patient, 

carbonate 1.0 Gm. and dextrose 1.5 Gm. In Putting this amount of fluid through the pen- 

addition 10,000 units of sodium penicillin and toneal cavity presented no problem as long 

0.14 Gm. of sodium sulfadiazine were added the suction pump continued to remove it. 

per liter of lavage fluid to combat any con- Much larger volumes could have been passed 

taminants which might be introduced into had it been necessary. 

the fluid during their preparation. It is believed When the lavage was started the non-protein 

that these were most important in averting or nitrogen reached a high of 266 mg. > 

at least delaying the onset of peritonitis. Sodium the urea 248 mg. per cent and creatinine p us 

heparin in a concentration of 0.5 mg. per cent mg. per cent. Fibres 2 and 3 illustrate e 

was added to minimize the formation of fibrin results obtained with the lavage. It will be s 

and thus prevent the tubes from becoming that a rather rapid drop from the h^h nitro- 

clo<^ged. It was later found necessary to double genous values was quickly realized, lea 

this dose of heparin to prevent the small amount more gradual drop was due in part to pump 
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failure and also short-circuiting of the lavage 
fluid. Upon investigation the influent tube was 
found lying anterior to the omentum. It is 
believed that if placed posterior to it more 
dialyzing surface would be available and thus 
more nitrogenous products would be removed. 


the usual vitamins in large doses. The anemia 
was controlled as long as transfusions were 
available. 

The patient showed marked improvement 
clinically the second day after lavage was insti- 
tuted. He became rational, his appetite im- 



Fig. 3. Illustrating the blood creatinine levels and CO; combining 
power. 


It was found that a considerable amount of 
difficulty was experienced in keeping the efflu- 
ent tube in the cul-de-sac. Since it kept working 
itself to the surface, it was finally allowed to 
remain in that position at which time a definite 
track was formed about it by the omentum. 
It worked very well in this position. Had the 
tube been directed to the cul-de-sac from the 
flank position instead of from the midline, this 
earlier difficulty might have been avoided. On 
the fourteenth day of lavage the flow was inter- 
rupted for thirty-six hours. The non-protein 
nitrogen and urea nitrogen blood levels again 
showed a rapid rise. This was reduced when 
lavage was resumed. Acidosis was a problem 
early in the treatment contrary to expectations 
with the use of buffered lavage fluid. However, 
this was easily corrected with the use of sixth 
molar sodium lactate solution. The patient was 
only mildly edematous from time to time in spite 
of the rather large volumes of intravenous fluids 
used to correct the marked anemia, acidosis and 
to stimulate diuresis. During the entire period, 
penicillin was given intramuscularly as well as 
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proved and he tolerated food very well. He did 
not object to the treatment and from time to 
time would aid in the adjustment of the appa- 
ratus. On the eighth day of peritoneal lavage 
he developed an ileus. Wangensteen suction 
was started and continued for seven days. At 
the end of this time bowel sounds returned 
and the patient resumed taking food well and 
having normal bowel movements. On the 
eleventh day of lavage his blood pressure 
dropped from its usual high level and remained 
at 160 systolic and 110 diastolic. The blood 
creatinine showed the most constant drop 
throughout the period of treatment. This would 
be expected insofar 'as it is the last to rise in 
renal failure. The non-protein nitrogen and 
urea nitrogen did not show the rapid and steady 
decrease in the latter half of the treatment as it 
did in the beginning. This probably was due to 
the fact that there was a rapid unloading of 
nitrogenous products from the extracellular 
fluid stored there during the height of azotemia 
and also because of the high protein diet and 
parenteral administration of amino acids during 
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the later stages of treatment given to combat 
emaciation. 

At no time was the urinary output sufficient 
to sustain life. The patient became anuric on 
the third hospital day and remained so until 
the third day of lavage. At this time he voided 
420 cc. which was encouraging. The urine 
proved to be of better quality than we antici- 
pated. The specific gravity was 1.016 and con- 
tained 0.5 Gm. of urea. It was free from sugar 
but did contain 300 mg. per cent of albumin, 
some red blood cells and granular and hyaline 
casts. The specific gravity and urea content did 
indicate some functioning renal tissue. The 
following sixteen days he averaged a urinary 
output of 150 cc. per day. After this time his 
output became progressively less and during 
the final three days of treatment was only 
50 cc. per day. This obviously ^vas insufficient 
to prevent azotemia. 

Calculations for blood urea clearance by 
lavage of the peritoneum showed that our set-up 
\vas not as efficient as that reported by Seligman 
and his group.*® The maximum clearance we 
could attain was 11.0 cc. of blood per minute. 
Our average clearance was in the vicinity of 
8.5 cc. of blood per minute. 

The effluent lavage fluid had the appearance, 
color and odor of urine. It always had a slight 
turbid appearance which was due to fibrin 
and other proteins. Only a trace of protein could 
be demonstrated at any time. The specific 
gravity was unaltered in passing through the 
peritoneal cavity. It was found to be sterile on 
all occasions ^vith the exception of the eleventh 
day of lavage. This was the third day following 
the onset of the ileus. Culture of this effluent 
lavage fluid showed a medium growth of 
Bacillus alkaligenes and Pseudomonas pyo- 
cyaneus. Cultures on later days failed to con- 
firm this. At the time the lavage was temporarily 
interrupted on the fourteenth day of treatment, 
1.0 Gm. of streptomycin in 1 L. of lavage fluid 
was instilled into the peritoneal cavity without 
unto\\'ard effects. The blOod sulfadiazine level 
never exceeded 2.4 mg. per cent. In the earlier 
days of treatment when the dextrose content 
of the lavage fluid was maintained at 1.5 Gm. 
per L. practically all of it ^vas absorbed. Later, 
when a more hypertonic solution ^vas used to 
combat edema and nutritional acidosis, the 
dextrose content was increased to 20.0 Gm. per 
L. At this concentration the peritoneum failed 
to absorb all of the sugar. Approximately 40 to 


50 per cent passed through with the effluent 
fluid unabsorbed. 

With the onset of the twenty- second day of 
lavage the patient became progressively more 
edematous. Pulmonary edema did not become 
evident until the twenty-sixth day of lavage. 
At this time the patient became more dysp- 
aeic and in spite of all measures suddenly 
expired. 

The autopsy findings were in accordance with 
our earlier impressions. The anatomic diagnosis 
was that of a malignant nephrosclerosis. There 
was a fibrinous and fibrous peritonitis, pleuritis 
and pericarditis, marked hypertrophy and 
cloudy sw'elling of the myocardium and dilata- 
tion of the left ventricle. There was a bilateral 
hydrothorax. In addition there ^vas metastatic 
calcification of the kidneys and the lining and 
myocardium of the heart, mural thrombi of the 
right auricle and right auricular appendage. 
There was a moderate atherosclerosis of the 
aorta and its main branches; verrucous endo- 
carditis of the posterior leaflet of the aortic valve, 
hyperemia of the lungs; cortical adenoma of the 
right suprarenal gland, fibrous thickening of the 
aortic, mitral and tricuspid valves; glandular 
hyperplasia of the prostate. 

The histological diagnosis confirmed these 
findings. 

COMMENT 

The autopsy findings make it apparent 
that the kidney damage in this patient was 
definitely irreversible. It is interesting to 
note and of definite value, too, that this 
patient was able to live an additional twenty 
six days without material aid from his own 
renal tissues. His existence during this 
time was not too trying or uncomfortable. 
Had the damage been of a reversible nature, 
twenty-six days would have been more 
than ample for the damage to be repaired. 
One of the difficult decisions to make in 
dealing with patients developing azotemia 
is when treatment of this nature should be 
instituted. The proper time has not been 
established. It is not possible to say tvhen 
any given data regarding the uremic state 
signify the existence of irreversible damage. 
Therefore, since the procedure can be 
carried on for many days safely, as illus- 
trated by this case, it probably should be 
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started soon after the azotemia is definitely 
established. Meanwhile, it is important 
not to add to the patient’s problems by 
excessive fluid administration since the 
amount of water needed is small and as a 
diuretic in anuria it has proved futile. 

The maintenance of proper electrolyte 
balance of the extracellular fluid will proba- 
bly be the key to success in most cases 
treated by this method. A common error, as 
we experienced, is the ambitious adminis- 
tration of parenteral fluids. In retrospect 
we now appreciate that the only fluids re- 
quired were those to correct the acidosis 
and blood transfusions to improve the 
severe anemia present. Much more accurate 
information as to the state of hydration of 
the patient can be obtained from studies of 
the volume of extracellular fluid by means 
of radioactive sodium or by the other means 
now available. These data would be of 
invaluable assistance in altering the com- 
position of the lavage fluid. Gamble, in a 
personal communication to Fine, stated 
that in uremia the defense of the chemical 
structure of the extracellular fluid is of 
much more importance from the point of 
view of survival than reduction of azotemia. 

In the past the chief danger considered 
in this method of correcting azotemia was 
that of bacterial peritonitis. Here again 
it has been demonstrated that with reason- 
able care in the preparation of the fluids 
and handling of the equipment this hazard 
can be readily eliminated. The use of 
penicillin and sulfadiazine salts aids in 
keeping the solutions sterile. Fine and his 
group use a bacterial filter interposed 
between the abdomen and the lavage 
storage bottle. This was not included in our 
equipment. Although it is an added pro- 
tection, it was found to be unnecessary. In 
those instances in which the kidney has 
been sensitized to sulfa drugs in the past 
it will be necessary to avoid using materials 
of this kind in the lavage fluid. Streptomycin 
can be substituted in these cases. One 
culture of the effluent lavage fluid was found 
to contain Bacillus alkaligenes and Pseudo- 
monas pyocyaneus. These organisms were 
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not found on repeated examinations follow- 
ing their initial discovery and may have 
been eliminated by the streptomycin which 
was instilled into the peritoneal cavity 
shortly after their presence was known. 
During the twenty-six days of operation of 
this equipment several members of the 
hospital staff were called upon at various 
times to prepare solutions, change bottles, 
etc. In spite of these opportunities for con- 
tamination no bacterial peritonitis de- 
veloped. This may have all been due to the 
inhibitory action of the antibacterial agents 
in the lavage fluid as well as the constant 
dilution and exchange of fluid passing 
through the peritoneal cavity. Of the 
recent cases reported in the literature using 
this form of therapy, none reported the 
development of bacterial peritonitis as a 
cause of failure. Therefore, it can be con- 
cluded that with reasonable care and 
caution this hazard may be minimized. 

No claim for originality for this method 
of combating azotemia is made by the 
present authors. The excellent work of 
Seligman, Fine and Frank has led to its 
present day understanding and application. 
It is apparent from our working with it, as 
well as other cases reported, that it is still a 
procedure lacking in perfection. A number 
of the difficulties will be removed with the 
development of a more efficient lavage fluid. 
In the meantime, however, this therapeutic 
procedure which utilizes the peritoneal 
membrane for removing non-protein nitro- 
genous materials from the blood stream and 
tissues in what would otherwise be a fatal 
azotemia should be resorted to with caution. 

CONCLUSIONS 

1 . Continuous transperitoneal lavage was 
carried out for twenty-six days, resulting in a 
marked reduction of blood non-protein 
nitrogenous products. This period of time 
would have been ample for repair of a 
reversible kidney damage. The case reported 
had irreversible damage. 

2. That a more efficient and better 
buffered lavage fluid is necessary for its 
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successful use is indicated by the develop- 
ment of acidosis and edema. Parenteral 
fluids in any form should be administered 
with caution. 
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Acute Urinary Suppression* 

Observations in Twenty -two Patients 

Richard J. Stock, m.d. 

New Tork, .Neiv Tork 


I N recent years there has been revival of 
interest in the treatment of acute 
urinary suppression by a variety of 
procedures. One approach has been directed 
toward the alleviation of nitrogen retention 
and eorrection of derangements in electro- 
lyte patterns of the blood. The methods 
employed and the results obtained have 
been admirably summarized by Snapper.^ 
Other efforts have been aimed at increasing 
urine formation by blocking neurogenic 
impulses to the kidney or by renal decap- 
sulation, as set forth by Culpepper and 
Findley.^ In the interest of providing a 
control series it seems timely to review the 
natural history of acute urinary suppression 
treated without these means. 

The purpose of the present study is to 
determine the frequency with which severe 
urinary, suppression is spontaneously re- 
versible, to determine the length of time 
suppression may exist with spontaneous 
recovery, to record tire maximum duration 
of suppression of urine compatible with life 
and to ascertain the cause of death in fatal 
instances. 

Definition. Suppression of urine may be 
said to exist whenever the urinary output 
for a given period of time falls below the 
anticipated minimal requirement for urin- 
ary water.. The magnitude of the solutes 
requiring urinary excretion and the con- 
centrating ability of the kidney are the two 
faetors that define minimal urine volume. 
Approximately 500 cc. of urine per day 
are required by a normal 70 Kg. man under 
conditions of fasting and thirsting so that 


solute retention does not occur, as demon- 
strated by Gamble.^ This minimal urine 
volume of 500 cc. per day in the fasting- 
state can be lowered to approximately 
250 cc. by daily administration of 100 Gm. 
of glucose. Such carbohydrate has a protein- 
sparing action and prevents ketosis. By 
these two mechanisms the daily solute load 
and consequently the minimal urine volume 
are reduced approximately one-half. Fur- 
ther administration of protein and fat only 
serves to increase the formation of solutes 
ultimately designated for urinary excre- 
tion. For this reason 250 cc. approximates 
the absolute minimal amount of urine that 
can be formed under optimum conditions 
without solute retention. Any additional 
decrease in urine formation constitutes 
urinary suppression. 

Under conditions of thirsting, with an 
intake of 100 Gm. of glucose, fluid in the 
form of urine and insensible water is lost 
at the expense of preformed body water. 
Gamble demonstrated that a water intake 
up to 750 cc. will spare an equivalent 
amount of preformed body water without 
increasing fluid loss.^ Any water intake in 
excess of 750 cc. is excreted in the urine. 
Thus, in terms of fluid intake for a 70 Kg. 
man receiving 100 Gm. of glucose daily, 
suppression of urine occurs whenever the 
daily urine output is less than 250 cc. plus 
any water consumed in excess of 750 cc. 
As many clinical disorders are associated 
with changes in protein breakdown, solute 
load and extrarenal water loss, determina- 
tion of minimal urine volume becomes more 
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complex and the definition of urinary sup- 
pression impossible without more specific 
information. 

Selection of Patients. Each case was chosen 
from the records of the Columbia-Presby- 
terian Medical Center. Only adult patients 
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NUMBER OF DAYS OF URINARY SUPPRESSION 
Fig. 1. The duration and outcome of urinary suppres- 
sion in tiventy-two patients. 

who had a measured urinary output of less 
than 100 cc. a day for three or more con- 
secutive days under direct hospital observa- 
tion were included in this study. In each 
instance retention of urine within the 
bladder was excluded by catheterization. 
Twenty-two patients fulfilling these criteria 
were found. The various causes of urinary 
suppression that were encountered in this 
series are listed in Table i. 

Duration. Analysis of the daily urinary 
output of each individual patient disclosed 
that diuresis occurred gradually in step-like 
fashion over a span of four to seven days. 
It was not until the end of this period that 
the kidney was able to excrete maximum 
volumes of urine in the neighborhood of 
5,000 to 6,000 cc. It was arbitrarily decided 
to call the onset of diuresis, or end of a 
period of urinary suppression, the first day 
in which the urine volume exceeded 1,000 
cc. after a period of three or more days with 
a urine output of less than 100 cc. daily. 

Figure 1 illustrates that in these twenty- 
two patients the duration of urinary sup- 
pression varied between six arid fifty days. 
Eleven patients with severe depression of 
urine formation lasting from six to fifteen 
days completely recovered. Eight of these 
patients exhibited suppression of urine 
formation for ten or more days. In one 
patient (G. M., Fig. 2) urinary suppression 
persisted over a period of more than fifty 
consecutive days. This patient lived for 


forty-nine days with a urinary output of 
less than 200 cc. on any one day, and for 
thirty-one days there was absolutely no 
excretion of urine whatever. Postmortem 
examination disclosed complete uretero- 
pelvic obstruction with hydronephrosis due 

Table i 

FREQUENCY OF VARIOUS CAUSES OF URINARY SUPPRESSION 
IN T%VENTY-TWO PATIENTS 


No. 

Cause of Patients 

Transfusion with incompatible blood 6 

Postpartum urinary suppression 3 

Carbon tetrachloride poisoning 2 

Diabetic acidosis with shock 2 

Sulfonamide nephrosis 2 

Hemolysis due to sulfanilamide 1 

Mercury bichloride poisoning 1 

Pentachlornaphthalene poisoning t 

Bacitracin toxicity 1 

Acute glomerulonephritis 1 

Shock, peritonitis and ileus 1 

Bilateral ureteropelvic obstruction 1 


to bilaterally aberrant renal arteries and 
veins. The capacity of each dilated renal 
pelvis was not more than 500 cc. With this 
single exception, urinary suppression did 
not last longer than twelve days in any of 
the eleven fatalities. In eight instances death 
occurred before the eighth day of urinary 
suppression. 

Causes of Death. There were eleven 
deaths in twenty-two patients, a mortality 
rate of 50 per cent. An attempt to define the 
accurate cause of death was made in each 
fatality. Autopsies were performed on nine 
patients. In the two instances in which post- 
mortem examination was refused clinical 
examination easily ascertained the cause 
of death — pulmonary edema and gen- 
eralized peritonitis, respectively. 

Table ii illustrates that pulmonary in- 
farction, generalized peritonitis and pul- 
monary edema secondary to excessive fluid 
administration account for five deaths 
(45 per cent). Of the remaining six patients 
two fatalities apparently resulted from 
multiple causes in which uremia probably 
played a part. One (A. G., Fig. 3) was a 
sixty-two year old male whose urinary 
suppression resulted from severe hemolytic 
anemia secondary to sulfanilamide sensi- 
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tivity. This patient died with a serum non- 
protein nitrogen level of 380 mg. per cent 
after eight days of urinary suppression. 
His hospital course was complicated by the 
appearance of auricular fibrillation with 
marked congestive cardiac failure and 


47 

hospital in coma resulting from a t^qDe xxii 
pneumococcus bronchopneumonia and ar- 
teriosclerotic heart disease, with pulmonary 
congestion, peripheral edema, auricular 
fibrillation, left bundle branch block and a 
venous pressure elevation of 230 mm. of 


Table ii 

RELATIONSHIP BETWEEN THE CAUSE OF DEATH, MAXIMUM DEGREE OF NITROGEN RETENTION AND 
DURATION OF URINARY SUPPRESSION IN ELEVEN FATALITIES 


Name 

Age 

Cause of Urinary 
Suppression 

Cause of Death 

N.P.N. B.U.N. 
(mg. %) 

Days 

before 

Death 

Duration 
of Sup- 
pression 

Autopsy 

G. M. 

31 

1 

Ureteropelvic ob- 
struction 

Uremia 

227 

3 

50 days 

Ureteropelvic ob- 

struction due to bi- 
laterally aberrant 
renal arteries and 
veins 

W. L. 

55 

Transfusion reaction 

Pulmonary edema 

150 

0 

12 days 

Pulmonary edema, 
“hemoglobin neph- 
rosis” 

H. S. 

51 

Transfusion reaction 

Generalized peritoni- 
tis following pan- 
createctomy 

132 

1 

10 days 

Generalized peritoni- 
tis, “hemoglobin 
nephrosis” 

C. H. 

79 

Transfusion reaction 

Sudden, unexplained 

120 

1 

1 

8 days 

“Hemoglobin neph- 
rosis,” acute right 
pyelonephritis and 
acute cholecystitis 

M.J. 

63 

Sulfadiazine neph- 
rosis 

i 

Pulmonary emboli 

96 

2 

8 days 

Multiple pulmonary 
emboli and infarc- 
tions, sulfadiazine 
nephrosis 

A. G. 

62 

Intravascular hemo- 
lysis due to sulfa- 
nilamide 

Anemia, congestive 
failure and uremia 

380 

1 

8 days 

“Hemoglobin neph- 
rosis,” congestive 
cardiac failure 

E. R. 

53 

Acute glomerulo- 
nephritis 

Sudden, unexplained 

145 

1 

7 days 

Absent left kidney, 
acute glomerulo- 
rfephritis, right 

A. S. 

24 

Postpartum suppres- 
sion , 

Sudden, unexplained 

136 

1 

7 days 

“Lower nephron 
nephrosis” 

C. F. 

86 

Sulfathiazole neph- 
rosis 

Pneumonia, cardiac 
failure and uremia 

190 

1 

1 

1 

7 days 

Sulfathiazole crystals 
in tubules, ureter 
and bladder; bron- 
chopneumonia, ar- 
teriosclerotic heart 
disease with conges- 
tive failure 

R. B. 

57 

Shock, peritonitis, 
ileus 

Generalized peritoni- 
tis after abdominal 
operation 

104 

2 

6 days 

None 

M. T. 

32 

Postpartum suppres- 
sion 

Pulmonary edema 

80 

4 

7 days 

None 


venous pressure elevation to 240 mm. of 
water following excessive fluid administra- 
tion. The second instance was that of an 
eighty-six year old male who entered the 
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water. After seven days of hospitalization, 
during which time he was unconscious, the 
patient developed urinary suppression due 
to sulfathiazole administration. He died 
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seven days later with a serum non-protein 
nitrogen level of 190 mg. per cent. In the 
face of major extrarenal complications it 
would be incorrect to ascribe either of these 
two deaths to uremia alone. 

Three patients died suddenly over a 


potassium intoxication as the cause of death 
in these three instances. Postoperatively, 
one of these patients, a seventy-nine year 
old male, had a complicating acute cho- 
lecystitis and pyelonephritis at autopsy. 
In the other two patients no anatomic cause 



Fig. 2. This patient was admitted for investigation of extensive ankylosing rheumatoid arthritis and for regulation 
of diabetes mellitus in mild acidosis. She gradually developed progressive urinary suppression, azotemia and 
peripheral edema without other signs of circulatory failure or abnormalities of blood pressure. Ankylosis of both 
hips prevented cystoscopy. She was given no parenteral fluids and remained completely rational until two days 
before death. Autopsy examination identified congenitally aberrant renal arteries and veins bilaterally, producing 
complete ureteropelvic obstruction. The serum potassium was 5.7 mEq./L. prior to death. 


period of several minutes to one hour with 
serum urea nitrogen levels of 120 and 145 
mg. per cent and a non-protein nitrogen 
level of 136 mg. per cent, respectively. 
Immediately preceding death the clinical 
condition of each patient was thought to 
be satisfactory. The level of nitrogen reten- 
tion in each instance was below the gen- 
eral average of nitrogen retention. Failure 
to take electrocardiographs and to obtain 
serum potassium levels prior to death 
precluded the possibility'^ of establishing 


for death was found at postmortem exami- 
nation other than the renal lesion. 

The last fatality', ending in uremia after 
fifty' days of urinary suppression due to 
bilateral ureteropelvic obstruction, has been 
mentioned. (G. M., Fig. 2.) In all of the 
eleven surviving patients with so-called 
“lower nephron nephrosis” the early ap' 
pearance of diuresis prevented urinary sup- 
pression of this duration from taking place. 
In each instance of urinary suppression m 
this series resulting from lower nephron 
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nephrosis diuresis occurred within sixteen 
days. In all instances death occurred before 
the twelfth day. (Table iii.) 

In summary, of eleven deaths five were 
due to pulmonary edema or to completely 
unrelated coexisting fatal diseases. Three 


INTRAVASCULAR HEMOL- 



a. 
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Fig. 3. This man was given oral sulfanilamide for a skin 
infection starting four days before admission. He de- 
veloped a severe, acute hemolytic anemia ending fatally 
in urinary suppression. The excessively high level of 
serum N. P. N. probably resulted from massive blood 
destruction. 

deaths occurred suddenly with degrees of 
nitrogen retention below the general aver- 
age for surviving patients so tliat potassium 
intoxication may have played a role. Two 


elderly patients died witli uremia and severe 
cardiac failure, one complicated by pneu- 
monia and the other by marked anemia. 
Only one death may be solely ascribed to 
uremia and this did not occur until after the 
fiftieth day of severe urinary suppression. 

Table in 

relationship between maximum degree of nitrogen 

RETENTION AND DURATION OF URINARY SUPPRESSION 
IN ELEVEN SURVIVING PATIENTS 


Name 

Age 

Cause of Urinary 
Suppression 

Maximum 

N P N. B.U N. 
(mg. %) 

Duration 
of Sup- 
pression 

I. w 

18 

Diabetic acidosis with shock 

122 

15 da\s 

E S. 

32 

Mercurj bichloride poison- 





ing 

206 

14 da>s 

H. B. 

29 

Transfusion reaction 

225 

13 days 

H.Q 

36 

Carbon tetrachloride poison- 





ing 

192 

12 da>s 

L. H. 

39 

Transfusion reaction 

113 

1 12 days 

G. G. 

31 

' Postpartum suppression 

139 

12 days 

M. T. 

38 

Pentachlornaphihalene poi- 





soning 

142 

10 days 

H. B 

33 

Bacitracin toxicity 

127 

10 da\s 

E L. 

34 

Transfusion reaction 

129 

8 da>s 

F H. 

63 

Diabetic acidosis «ilh shock 

150 

7 da\s 

R. W. 

37 

Carbon tetrachloride poi- 





soning 

94 

6 days 


The conclusion seems warranted that 
urinary suppression relatively infrequently 
causes death unless the patient’s health is 
otherwise jeopardized. This is supported by 
comparison of the ages of the surviving and 
fatal groups; 

Average age of the entire group (22 patients) 44 7 years 


Average age of the 11 survivors. 35 4 years 

Average age of the 1 1 fatalities 53 9 years 


There were nine patients above the age 
of fifty. Of this group only one survived 
(89 per cent mortality). There were thirteen 
patients below the age of fifty. Of this 
group only three died (23 per cent mor- 
tality). The coexistence of underlying disease 
in the elderly with superimposition of urin- 
ary suppression accounted for most of the 
fatalities observed in that group. 

CLINICAL FEATURES 

Periorbital Edema. Of twenty-two pa- 
tients, six had periorbital edema at a time 
when peripheral edema was slight or ab- 
sent. Transfusion reaction and toxicity from 
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mercury, carbon tetrachloride and bacitra- 
cin accounted for the underlying disease. 

Hypertension. Serial observations were 
made in all patients. Elevation of both the 
systolic and diastolic blood pressures above 
140/90 occurred in thirteen instances. 
Hypertension was noted as early as the 
third day of urinary suppression and regu- 
larly subsided within twenty-six days. In 
three patients elevation of the blood pressure 
did not occur until after onset of diuresis. 

Convulsions. Generalized convulsions in 
clonic and tonic phases were observed in 
five patients with and without associated 
hypertension. Three of these patients 
recovered. 

Pericardial Friction Rub. A pericardial 
friction rub was noted in only one patient. 
This appeared on the twenty-third day of 
urinary suppression and persisted until 
death twenty-seven days later. 

CHEMICAL STUDIES 

Nitrogen Retention. Serial determinations 
of either the serum non-protein or urea 
nitrogen were made in every instance. No 
absolute correlation could be found between 
the duration of urinary suppression and the 
height of nitrogen retention. This might be 
expected as the rate of formation of non- 
protein nitrogen and its excretion varied 
tremendously from patient to patient. In 
the instance of A. G. (Fig. 3) excessive serum 
non-protein nitrogen formation, resulting 
from red blood cell destruction due to the 
hemolyzing effect of sulfanilamide, was re- 
flected by a rapid rise in the serum non- 
protein nitrogen to a level of 380 mg. per 
cent on the eighth day of urinary suppres- 
sion. On the other hand, considerable extra- 
renal excretion of nitrogen must have 
occurred in the instance of G. M. (Fig. 2), 
in whom the serum non-protein nitrogen 
reached a level of only 227 mg. per cent on 
the forty-seventh day of urinary suppression. 
In the latter instance the patient lost several 
hundred cc. of serous fluid daily from 
multiple subcutaneous blebs and needle 
puncture wounds. Ample amounts of this 
fluid were easily obtainable. Analysis on 


one occasion disclosed that it contained 
105 mg. per cent of non-protein nitrogen. 

The general average of maximum serum 
urea nitrogen levels in the survivors ivas 
155 mg. per cent. In the eleven fatalities 
only three attained levels higher than this 
whereas a serum urea nitrogen level of 225 
mg. per cent, occurring in one surviving 
patient (H. B., Fig. 6), was greater than die 
highest value for nitrogen retention in all 
but one of the fatal cases. In most patients 
it was observed that the serum non-protein 
or urea nitrogen continued to mount during 
the early stages of diuresis. 

Uric Acid. Retention of this substance 
paralleled that of the total non-protein 
nitrogen. Values as high as 20 mg. per cent 
were encountered. 

Calcium and Phosphorus. Serial calcium 
and inorganic phosphorus determinations 
were made on nine patients. The degree of 
phosphorus accumulation and calcium de- 
pression tended to parallel that of the serum 
non-protein nitrogen. An increase in the 
serum inorganic phosphorus level to 12 mg. 
per cent and a reduction of serum calcium 
to 7 mg. per cent was encountered. Neither 
latent nor overt tetany was observed. 

Sodium. Direct serum sodium determi- 
nations by flame photometry were made in 
only four instances. Values varied from 122 
to 145 mEq./L. and seemed to be a reflec- 
tion more of the sodium intake tlian of any 
other factor. Serum sodium levels could not 
be correlated with the onset of diuresis or 
the amount of clinical edema. 

Potassium. Serial potassium determina- 
tions were performed in six patients, with 
mild elevation occurring in five. The highest 
value obtained was 7.4 mEq./L. Electro- 
cardiographic tracings made in seven pa- 
tients were available. Review of these 
records failed to disclose abnormalities that 
could be caused by only electrolyte dis- 
turbances. No data concerning potassium 
were available in any instance of sudden 
unexpected death. 

Carbon Dioxide Content. The carbon di- 
oxide content of the serum was determined 
serially in eleven patients. In the absence of 

OF medicine 


AMERICAN JOURNAL 


Acute Urinary Suppression — Stock 


bicarbonate or lactate administration there 
was a consistent tendency for acidosis to 
occur, as reflected by a gradual decline in 
the serum carbon dioxide content. The mag- 
nitude of this fall was of the order of 20 
volumes per cent, but in two patients levels 


5 ^ 

was, in part, the presumptive cause for the 
decline in the hematocrit and for the low 
plasma protein values observed in the six- 
teen patients measured. Because of the 
frequeney of coexisting intravascular he- 
molysis in this series, the hematocrit was not 
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Fig. 4. This man consumed three tablets of mercury bichloride eight hours before admission and 
developed subsequent urinary suppression with complete recovery. He was given sodium thiosulfate 
daily. Mercury was identified in his urine. 


of 17 and 18 volumes per cent were observed. 
As might be anticipated, administration of 
sodium ehloride failed to correct this acidosis. 
Lactate and biearbonate, on the other hand, 
produeed a prompt elevation of the serum 
earbon dioxide eontent in each instance. 

Chlorides. Serial determinations of the 
serum ehlorides were made in ten patients. 
A general tendency to hypochloremia was 
observed, the lowest value being 77 mEq./L. 
Correetion of the defeet occurred promptly 
witli administration of sodium chloride. 

Hematocrit and Plasma Proteins. Hemo- 
dilution resulting from excessive fluid intake 


always considered a reliable guide to further 
fluid therapy. 

Fluid Balance. Of the twenty- two pa- 
tients studied all except four developed 
peripheral edema. These four received an 
average fluid intake of 1,500 cc. daily in 
excess of measurable fluid loss. In three 
other patients administration of tiiis same 
amount of fluid daily was associated with 
production of clinical edema. All of tlie 
remaining patients clearly received exces- 
sive fluids either parenterally or orally. All 
developed massive peripheral edema asso- 
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ciated with a 10 to 20 Kg. weight loss during In the seven instances of urinary sup- 
the period of diuresis. (Fig. 4.) pression due to intravascular hemolysis 

Frank pulmonary edema due to excessive urinalysis was performed shortly after onset 

fluid administration was observed in three in six. In each of these six a guaiae test 

patients, resulting in two fatalities. A fluid performed on the supernatant urine was 

intake of 2,000 to 3,000 cc. daily in excess strongly positive. 


DIABETIC ACIDOSIS WITH SHOCK 



DAYS 

Fig. 5. This patient entered another hospital in marked diabetic acidosis and peripheral shock, 
responded well to routine treatment and weis admitted two days later, at which time urinary sup- 
pression with peripheral edema was manifest. Her course was otherwise uncomplicated and recovery 
M'as complete. 

of measurable fluid loss was found sufficient In both patients with diabetic acidosis it 
to produce this severe form of circulatory was observed that only minimal glycosuria 
failure. and ketonuria were present despite demon- 

Venous pressures were measured in ten stration of these substances in the serum m 

patients. Fluid in excess of 1,500 cc. was high concentrations. Similarly in all m- 

administered to nine of these patients, all stances in which alkalinization was at- 

of whom had unequivocal elevations of tempted the scanty urine formed usualh 

venous pressure, usually above 200 mm. of had an acid reaction to litmus paper despite 

water. serum carbon dioxide content levels o 

Urine. Serial examinations of the urine 70 to 80 volumes per cent. (Fig. 5.) 

were made in all twenty-two patients. Treatment. The entire group w^ ti eatc 

Hyaline and granular casts were universally conservatively, with one exception. i 

demonstrable but no other abnormalities patient (H. B., Fig. 6) had a transfusion wit i 

were noted with this frequency. Red and incompatible blood resulting in subsequent 

white blood cells and albumin were present urinary suppression. On the ninth day ti 

in almost all urines. Red blood cell casts bilateral renal decapsulation was performe^^ 

were found only in association with acute Urinary output did not increase unti 

glomerulonephritis. The specific gravity twelfth day, and 1,000 cc. of urine formation 

showed a tendency to fixation at 1.010 in was not exceeded until the thirteenth a)- 

almost all patients. Postoperatively, a Miller-Abbott tu e 
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was passed in two patients because of intes- 
tinal distention. In neither instance was the 
tube left in place for more than forty-eight 
hours, with total yields of 275 and 700 cc., 
respectively. Postoperatively, one patient 
who developed urinary suppression second- 
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Such treatment was not associated with 
diuresis in any instance. 

In the remaining patients no attempts 
either to speed the onset of diuresis or create 
pathways for the extrarenal excretion of 
solutes was made. Treatment consisted of 
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Fig. 6. This patient was admitted for uterine curettage and developed urinary suppression with complete 
recovery following a transfusion reaction. A bilateral renal decapsulation ^vas not successful in initiating 
immediate diuresis. The diagnosis of “hemoglobin”nephrosis was substantiated by kidney biopsy. 


ary to a transfusion reaction had a constant 
suction nasogastric tube in place through- 
out her course, with yields between 700 and 
1,400 cc. daily. No definite effect on the 
serum non-protein or urea nitrogen level 
resulted from these inadequate attempts at 
gastrointestinal drainage. 

The great majority of the twenty- two 
patients received intravenous injections of 
50 per cent hypertonic glucose at some time 
during the period of urinary suppression. 
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general supportive measures according to 
the clinical situation and was not carried 
out in conformity with any over-all plan. 

(Fig. 7.) 

Follow-iip. Of the surviving eleven pa- 
tients satisfactory follow-up examinations up 
to sixteen years were obtained in all but one 
instance. Normal values for blood pressure, 
urinalysis, serum urea nitrogen, ability 
to concentrate urine and phenolsulfon- 
phthalein excretion were obseiA^ed at the 
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end of two to three months and usually 
sooner. 

COMMENTS 

These observations have been presented 
in order to ascertain the natural history of 


has outlined. Should retention of solutes 
•occur in excess of the average values ob- 
served here, the cause must lie not with 
increased severity of renal disease but ^vith 
either excessive solute consumption or ^vith 
excessive breakdown of body tissue. 


190 ^ 


CARBON TETRACHLORIDE POISONING 
H.Q.^ AET. 36 


Fluid Intoke 
Urine Volume 
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Fig. 7. This man inhaled the fumes of carbon tetrachloride in a closed room and developed subsequent urinary 
suppression three days before hospitalization. Frank pulmonary edema appeared during the early stages of 
diuresis but recovery was complete. 


conservatively treated acute urinary sup- 
pression and to provide a control series for 
other methods of management currently 
advocated. The twenty- two patients de- 
scribed herein were selected as representing 
the maximum degree of suppression of urine 
formation and consequent loss of renal 
excretory function usually encountered clin- 
ically. Both from the standpoint of duration 
and magnitude of urinary suppression and 
from the degree of elevation of the serum 
non-protein or urea nitrogen, disease in 
these patients was of comparable severity 
to those treated by the methods Snapper^ 


In this series approximately one-half of 
the deaths resulted directly from factors 
other than solute retention and could not 
have been prevented by any therapy di- 
rected at the alleviation of azotemia. In 
most of the remaining fatalities the retention 
of solutes was accompanied by severe co- 
existing physiologic disturbances in other 
systems of the body. Despite this fact the 
observed mortality rate of 50 per cent is 
considerably lo^ver than the mortality rate 
for any published series thus far treate 
by the “artificial kidney,” peritoneal dia >- 
sis, intestinal irrigation or exsanguinotrans 
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fusion, as reviewed by Snapper.^ It is clear, 
furthermore, that in one patient simple 
supportive measures were sufficient to sus- 
tain life for fifty days after the onset of severe 
urinary suppression although it should be 
added that seepage of edema fluid tended 
to ameliorate nitrogen retention. Several 
instances of similar long survivals have been 
reported in the literature and summarized 
by Strauss. 

In conclusion, analysis of the data pre- 
sented herein indicates that urinary suppres- 
sion is usually a self-limited disease when 
due to such causes as shock, intravascular 
hemolysis, postpartum eclampsia or poison- 
ing by a variety of agents, including mercury 
bichloride. While diuresis occurs within two 
and one-half weeks in these conditions, life 
can be sustained without significant urine 
formation for a period of fifty days. 

SUMMARY 

1. Acute urinary suppression has been 
defined and observations recorded in a 
series of twenty-two patients exhibiting a 
measured urinary output of less than 100 cc. 
a day for three or more consecutive hospital 
days. 

2. Twenty-one patients were treated con- 
servatively without attempts either to speed 
the onset of diuresis or to create pathways 
for the extrarenal excretion of solutes. One 
patient underwent a bilateral renal decap- 
sulation and diuresis occurred three days 
later. 

3. Urinary suppression up to fifteen days’ 
duration was associated with complete 
recovery in eleven patients. 
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. 4. Death ensued between the sixth and 
twelfth day of urinary suppression in ten 
instances. 

5. The main causes of death as observed 
in this series were pulmonary edema result- 
ing from excessive fluid administration and 
coexisting unrelated severe disease, such 
as generalized peritonitis and pulmonary 
embolism. 

6. Urinary suppression of fifty days’ dura- 
tion was found compatible with life in one 
patient in whom bilateral ureteropelvic 
obstruction was demonstrable at autopsy. 
Seepage of edema fluid in this patient may 
have postponed exitus. 

7. In the absence of severe coexisting 
disease, excessive fluid administration and 
unusually large amounts of tissue protein 
breakdown, spontaneous diuresis with com- 
plete recovery generally occurred. Con- 
sideration should be given to the usual 
favorable outcome of uncomplicated, con- 
servatively treated, acute urinary suppres- 
sion in evaluating the indications for and 
results obtained by the artificial kidney, 
peritoneal dialysis, intestinal irrigation, ex- 
sanguinotransfusion and similar procedures. 
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Clinical and Metabolic Study of 1 1-Dehydro- 
17-liydroxy-corticosterone Acetate (Kendall 
Compound E) in Hypertension, 
Addison’s Disease and 
Diabetes Mellitus* 


George A. Perera, m.d., Kermit L. Pines, m.d., Howard B. Hamilton, m.d. and 

Katherine Vislocky 

New Tork, Mew York 


S INCE the isolation of 1 1 -dehydro-1 7- 
hydroxy-corticosterone (Compound 
E of Kendall),^ its administration has 
been associated with effects on protein and 
carbohydrate metabolism in both normal 
and adrenalectomized animals.’^® These 
studies have in general revealed weight loss, 
suppression of growth, glycosuria, hyper- 
glycemia with altered glucose tolerance, 
increased nitrogen excretion, increased uri- 
nary excretion of sodium and chloride, 
and sometimes ketonuria. Thorn and his 
associates have reported improvement in 
carbohydrate metabolism in patients with 
Addison’s disease.®’^® 

The present study was undertaken in 
order to determine the clinical and metabolic 
effects of synthetic ll-dehydro-17-hydroxy- 
corticosterone acetate administered to 
human subjects. Because of the possibility 
that this steroid might depress the arterial 
tension” in addition to its apparent effects 
on carbohydrate metabolism, observations 
were made on two patients with uncom- 
plicated hypertensive vascular disease, one 
with Addison’s disease and one with diabetes 
mellitus and h^'pertensive vascular disease. 


CASE REPORTS 

Case i. C. Z., a forty-three year old woman, 
was admitted to the metabolism ward of the 
Presebytrian Hosptial because of dizziness, 
headaches and hypertension known for six 
years. There was neither past nor present evi- 
dence of cardiac pain, congestive failure, or 
renal, cerebral or obvious endocrine disease. 
Physical examination was not remarkable e.\cept 
for a blood pressure of 220/130, marked arterio- 
lar narrowing and arteriovenous compression on 
funduscopic e.xamination, and cardiac enlarge- 
ment with a faint apical systolic murmur. 

The patient was afebrile throughout the 
period of observation. Complete blood count, 
circulation time and venous pressure were within 
normal limits. Popliteal arterial pressures were 
not reduced. X-ray of the heart disclosed mod- 
erate hypertrophy, chiefly of the left ventricle, 
but the electrocardiogram showed no signifi- 
cant abnormalities. Repeated urinalyses were, 
negative; the urine concentrated to a specific 
gravity of 1.024; the phenolsulfonphthalcin 
excretion was 70 per cent in two hours: and 
the intravenous pyelogram was normal. .'1 
benzodioxane test'- did not suggest the presence 
of a pheochromocytoma. 

The patient was kept in bed until after hloo 
studies and blood pressure measurements vcrc 


* From the Department of Medicine, College of Physicians and Surgeons, Columbia University and The Pres > 
terian Hospital in the City of New York. This investigation was supported (in part) by a research grant from t ic 
National Heart Institute, U.S. Public Health Scrs-icc. and was aided through the generosity of the Albert and . aiy 
Lasker Foundation. 
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made, and ambulatory activity was standardized 
at a constant level the rest of the day. She was 
weighed daily before breakfast on the same 
scales. Distilled water was supplied for drinking. 
“Resting” blood pressures were measured each 
morning in the same arm by the same observer, 
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Sodium chloride was administered in constant 
amounts using weighed salt shakers. 

After the preliminary period the patient was 
started on two baseline periods (i and ii) of four 
days each. During a third and fourth four-day 
period (iii and iv) she received 20 mg. of 11- 
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with the subject quiet and relaxed in bed, the 
head of which was raised to a 30 degree angle. 
At least seven readings were taken at half-minute 
intervals and the lowest systolic and lowest 
diastolic values recorded. In order to secure, an 
adequate baseline preliminary observations were 
carried out for twenty-seven days. 

Throughout the study the patient was given 
a constant diet and fluid intake. Identical salt- 
poor daily menus (1,740 calories, including 
50 Gm. of protein and 273 Gm. of carbohydrate) 
were prepared, the entire daily diet being sub- 
jected at intervals to direct chemical analysis. 


dehydro-1 7-hydroxy-corticosterone acetate in- 
tramuscularly at six-hour intervals. Final periods 
(v and vi) of five and ten days, respectively, 
served as post-treatment controls. Placebo intra- 
muscular injections (1 cc. of 5 per cent glucose) 
were given during periods i, ii and v. 

Intravenous glucose tolerance tests were per- 
formed by administering 0.5 Gm. of glucose per 
Kg. of body weight in 200 cc. of distilled water 
over a thirty-minute period.® On the day of 
these tests the diet was reduced by amounts of 
glucose and drinking water equivalent to those 
employed in the procedure and breakfast was 
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by micro-Kjeldahl procedures. The stools for 
each experimental period were collected as a 
single specimen- 17-ketosteroids were estimated 
by a modification of the method of Callow, 
Callow and Emmens'® and “corticoids” by the 


Results. The results are shown in Figure 
1 and Table i. No subjective change was 

* We are indebted to Mr. Paul Marks and Mrs 
Dorothy Marks for these determinations. 
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noted. Compound E in the dosagi 
ployed (80 mg. daily) appeared to have a 
small but definite effeet on water and salt 
metabolism. The weight increased; there 
was a suggestive decrease in urine volume 
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Nitrogen balance studies indicated an in- 
creased excretion appearing only after five 
days of treatment and persisting for about 
the same period after the administration of 
Compound E had been discontinued. 
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174/106 













E 

38 

40.27 

188/102 



8,900 

7,120 

1,691 

27 



121 

74 

79 

93 

IV 

39 

mm 

154/94 













Com- 

40 


170/102 




5,106 

1,518 

59 







pound 

41 

mSEi 

156/88 













E 

■ 42 

40.26 

140/88 




4,598 

931 

25 

73 

154 

97 

58 

75 

68 

V 

43 

40.25 

154/94 

7 

34 












44 

40.13 

156/92 



5,480 

4,000 

1,205 

90 








45 

40.00 

148/96 














46 

40.30 

150/96 














47 

39.90 

146/92 



5,500 

4,015 

1,330 

125 

76 

154 

85 

i 

64 

74 

VI 

48 

39.64 

152/96 

5 

31 












49 

39.66 

140/88 



4,600 

3,312 

1,012 

61 








50 

39.74 

144/88 














51 

39.67 

146/90 


33 

4,550 

3,253 

1,229 

81 

69 

167 

83 





52 

39.78 

146/88 














53 

39.82 

150/94 














54 

39.62 

144/88 














55 

39.39 

148/90 














56 

39.56 

140/88 















and a definite decrease in urinary sodium 
and chloride; and evidence of hemodilution 
was obtained by changes in hematocrit and 
protein values. 

July, 1949 


Although a slight decrease in serum 
sodium and a suggestive increase in serum 
potassium concentrations were noted, serum 
electrolyte and calcium values were not 
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materially affected. There was an increase 
in the 'concentration of serum inorganic 
phosphorus. A slight decrease in total 
cholesterol was observed \vhich was not at 
the expense of the free faction. Urinary 
1 7-ketosteroid and “corticoid” excretion did 


P. K. (*929156) rf' 50 
HOSP. DAY 

WE(6HT 

(fcifos) 



6. P. 

( mm Hg.) 


IBOL 
170 - 
160 - 
ISO - 
140 _ 
130 . 
120 . 
MO- 
100 . 


URINE OUTPUT 
(cc) 


URINE NITROGEN 
(Gms./ EAhn.) 


URINE SODIUM ,D 
VRINE CHLORIDE I 
( meq./2Ahrs.) 


URINE POTASSIUM 
( meq./'E'? hrs.) 



SERUM COj CONTENT meq/L 

27.A 

- 

SERUM SODIUM meq./L 

(39.4 

(3S.3 

SERUM POTASSIUM meq,/L. 

4.3 

44 

SERUM UREA N. mgs /lOOcc. 

14 

12 

fasting BL sugar mgs /lOOcc 

69 

72 

HEMATOCRIT % cells 

42.7 

39,9 

SERUM PROTEINS Gms/IOOcc 

6.3 

6.1 


Fig. 2 


not change to a great extent. On the fourth 
day of treatment the fasting and peak levels 
of blood sugar were higher than in other 
glucose tolerance tests but the results were 
of doubtful significance. The urine was 
anab'zed daily for reducing substances, 
acetone and diacetic acid. All samples were 
negative with the c.xception of that obtained 
on the fourth day of treatment in which a 
trace of acetone was disclosed. The sedi- 
mentation rate remained unaltered and 


teleroentgenograms and serial electrocar- 
diograms were not modified. 

A transitory increase in total wliite cell 
count, due primarily to a rise in polymor- 
phonuclear leukocytes, immediately fol- 
lowed the use of Compound E, together 
with a sharp but more sustained drop in 
eosinophiles. 

The “resting” blood pressure, after an 
initial rise, began to fall after the first period 
of steroid administration and remained at 
lower values throughout the post-treatment 
observation. 

Case ii. P. K., a fifty year old laborer, was 
admitted because of heart consciousness, fatigue 
on exertion and hypertension of six months’ 
known duration. Physical examination was nor- 
mal save for a blood pressure of 235/140, 
moderate arteriolar thickening and arterio- 
venous compression on funduscopic examination 
and cardiac enlargement without murmurs. 
There was neither past nor present evidence of 
cardiac pain, congestive failure, or renal, cere- 
bral or obvious endocrine disease. 

The patient was afebrile throughout the 
period of observation. Complete blood count, 
circulation time and venous pressure were within 
normal limits. Popliteal artery pressures were 
not reduced. X-ray of the heart disclosed mod- 
erate cardiac hypertrophy; the electrocardi^ 
gram showed left axis deviation, a diplwsir ■ 
T wave in the first lead and inversion of the 
T wave in lead CF 4 . Repeated urinalyses were 
negative; the urine concentrated to a specific 
gravity of 1.024; the phenolsulfonphtbalein c.x- 
cretion was 50 per cent in two hours; and aii 
x-ray of the renal area revealed the kidnc) 
shadow's to be normal in size, shape and position 
with no evidence of calculi. A benzodioxanc 
test was negative. 

The conditions of the experiment were iden 
tical to those previously described except t lai 
Compound E (20 mg. intramuscularly at si-x-hou’’ 
intervals) was administered for five days, 
ning on the twenty-first hospital day, and c-' 
extensive studies ivere undertaken. The Jti 
employed in this patient contained 2,175 ca orii^ 
per day which included 85 Gm. of protein an 
267 Gm. of carbohydrate. 

Results. The results are shown in Figure 
2 and Table n. No subjective change was 
america.v jour.va/. of nroicisr 
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noted. Compound E (80 mg. daily) ap- 
peared to have a small effect on water and 
a definite effect on salt metabolism. The 
weight increased slightly. There was a 
transitory small decrease in urine volume 
and a more marked retention of sodium 


of steroid administration (at the same time 
as salt and water retention was observed) 
but returned promptly to baseline levels. 

Case hi. J. R., a thirty-four year old, white 
clerk, had been in good health until seven years 
before the present study. At that time he de- 


Table II 


Period 

Hos-- 

pital 

Day 

Weight 

Kg. 

“Resting” 

B.P. 

Mm. Hg 

Intake 

Urine 

Fluid 

Na 

N 

Volume 

Na 

Cl 

K 

N 

Cc. 

mEq. 

Gm. 

Cc. 

mEq. 

Gm. 

I 

17 

78.85 

184/106 

1790 

83.8 

13.5 







18 

78.40 

182/108 

1790 

83.8 

13.5 

1,210 

62.6 

71.5 

65.3 



19 

78.89 

182/110 

1790 

83.8 

13.5 

1,270 

66.8 

78.2 

73.2 



20 

78.85 

184/110 

1790 

83.8 

13.5 

1,370 

64.4 

74,9 

78.4 

12.7 

n 

21 

78.25 

184/10S 

1790 

83.8 

13.5 


55.6 

56.3 

76.7 

12.4 

Compound 

22 

78.20 

172/102 

1790 

83.8 

13.5 

1,170 

24.2 

27.3 

65.3 

11.7 

E 

23 

78.50 

170/100 

1790 

83.8 

13.5 

1,280 

26.9 

27.4 

61.7 

11.3 


24 

78.60 

178/102 

1790 

83.8 

13.5 

1,350 

75.4 

78.5 

67.5 

10.1 


25 

78.85 

178/104 

1790 



1,440 

102.7 

111.4 

56.9 

12.0 

HI 

26 

78.80 


11 

83.8 

B 

1,850 

143.8 

166.0 

63.9 

12.0 


27 

78.50 

188/110 

im 

83.8 

Ira 


74.2 

92,6 

76.4 

12.6 


28 

78.20 

182/110 


83.8 

13.5 

1,240 

34.5 

57.9 

77.4 

10.1 


29 

78.20 

182/108 

1790 

83.8 

13.5 


45.7 

59.1 

82.2 

9.7 


30 

78.45 

178/108 

1790 

83.8 

13.5 

1,450 

43.8 

57.7 

79.4 



31 

78.60 

180/106 

1790 

83.8 

13.5 


38,6 

58.8 

66.8 



and chloride during the first few days of 
drug administration. This was followed by 
a pronounced sodium and chloride (and to 
a lesser extent water) diuresis which began 
before the steroid was discontinued. Serum 
protein, hematocrit and urea nitrogen 
values suggested slight hemodilution. 

Although nitrogen studies were limited to 
estimations of urinary excretion, the dietary 
intake being constant, no significant changes 
took place. There was a decrease in the 
serum sodium concentration. Fasting blood 
sugar values were not materially affected in 
this study. No glycosuria was produced but 
again a trace of acetone appeared in the 
urine on the fourth day of steroid treatment. 

The “resting” blood pressure, which had 
fluctuated only from 180 to 1 90 systolic and 
106 to 110 diastolic for several weeks before 
Compound E, fell slightly during the period 
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veloped weakness, fatigue, hypotension, nausea, 
skin and buccal mucous membrane pigmen- 
tation, and subsequently experienced several 
episodes suggestive of hypoglycemic reactions. 
The diagnosis of Addison’s disease was clinically 
apparent and was substantiated by the finding 
of repeated serum sodium values which were 
markedly below normal limits. He was main- 
tained in normal electrolyte and water balance 
by the subcutaneous injection of 2 mg. of 
desoxycorticosterone acetate* daily as well as 
by the addition to his regular diet of varying 
amounts of sodium chloride. 

On this admission, except for the character- 
istic pigmentation and hypotension there were 
no abnormal physical findings. X-ray of the 
lungs and adrenal areas sho^v’ed no signs of 
tuberculosis or abnormal calcification; the 
erythrocyte sedimentation rate was within nor- 

* Furnished through the courtesy of Dr. K. ^V. 
Thompson of Roche-Organon, Inc., Nutley, N. J. 
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mal limits; and repeated urinalyses sho\ved no 
abnormalities. 

Throughout the study the patient was main- 
tained on 2 mg. of desoxycorticosterone acetate 
subcutaneously each day and 8 Gm. of sodium 
chloride added to his identical salt-poor daily 


muscularly at six-hour interv^als) was limited to 
five days (period v). 

Glucose tolerance tests were conducted as 
previously outlined, with the diet being reduced 
by amounts of glucose and drinking water 
equivalent to those employed in the procedure. 


JR. (* 6878481 c5 34 
HOSPITAL DAY 

WEIGHT (kilos) 

B P (mm. Hg.) 

FLUID INTAKE (cc.)-- 
URINE OUTPUT (c.c.) 


It nr w TT- 



2 

URINE NITROGEN 0(gms /24 hrs )6 
STOOL • |( "-OV. )io 

NITROGEN INTAKE (gms./24 hrslrr 


URINE 


SODIUM D(meq./24hrs.)|° 
CHLORIDE I ( •• ) ,|0 

ISO 
180 
2 10 
240 



• 30 

URINE POTASSIUM (meq/24hrs,) 60 

90 




II 




1 

1 

1 

4 

1 

1 

SERUM CO 2 CONTENT 

(meq /L ) 


25 7 

25 5 

25 5 

27 7 

2 7 3 

” CHLORIDES 



J03 2 

102 8 

103 8 

(00 0 

99 2 

" SODIUM 

" 140 0 

4 3 6 0 

137 6 

136 0 

134 4 

133 9 

■ POTASSIUM 

■ 

4 4 

' 4 I 

4 6 

4 8 

4 0-50 

5 5 

CALCIUM 




9.4 


9 3 


PHOSPHORUS 




4 9 


3 8 


CHOLESTEROL 

free 



6 8 


6 6 



TOTAL 



23 6 


20 8 


UREA N Imgs /lOO cc) 


I 2 

14 

1 1 

10 

1 9 

proteins (gms/lOO cc) 


6 3 

6 2 

6 4 

6 6 

7 2 

HEMATOCRIT (% cells) 

37 3 

37 6 

37 6 

36 7 

37 3 

42 8 

FASTING BLOOD SUGAR 

mgs./lOO c c 

6 2 

7 0 

75-78 

98-89 

0 3 

77 


Fig. 3 


menus. The daily diet contained 2,220 calorics 
which included 75 Gm. of protein and 228 Gm. 
of carbohydrate. The conditions of the e.xperi- 
rncnt \vcrc e.vactly the same as those described 
in the first patient e.xcept that period i began 
on the sixth hospital day and the length of ob- 
servation after Compound E (20 mg. intra- 


By finishing the previous day's diet at an earlier 
hour, all glucose tolerance tests began after a 
seventeen-hour period of fasting. 

Resti/ls. The results arc shown in Figure 
3 and Table ui. No subjective change was 
noted except for the dcv'clopmcnt of modcr- 

URN’ A I- OF MEPICI-'f 
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ate insomnia. Compound E (80 mg. daily) 
appeared to have a definite effect on water 
and salt metabolism. There was a transitory 
increase in the excretion of water, sodium, 
chloride and potassium during the first 
twenty-four hours of steroid administration. 


63 

tained throughout the experiment with no 
apparent modification. 

The serum sodium concentration began 
to fall toward the end of the period during 
which the patient received Compound E 
and continued to fall to subnormal levels 


Table iu(a) 


Period 

Hos- 

pital 

Day 

Intake 

Urine 

Stools 

Fluid 

Na 

Cl 

K 

N 

Vol- 

ume 

Na 

Cl 

K 

N 

17-keto- 

steroids 

“Corti- 

coids” 

Na 

K 

N 

Fat 














mEq./ 

Gm./24 



Cc. 

mEq./24 hr. 

Gm./ 

Cc. 


mEq. 


Gm. 

Mg,/24 hr. (av.) 

24 hr. 

hr. 







24 hr. 








(av.) 

(av.) 

I 

6 

1,820 





1,660 

139 1 

158 8 

82 8 

5 56 








7 

l'820 





. .880 

63.7 

84.4 

41.5 

8.40 








8 

1,820 





1,490 

129.6 

140.8 

64.7 

8.97 



2 6 

6 9 

1.03 

2.59 


9 

1,820 





l,h40 

143.3 

138.3 

44.8 

8.72 

8.10 

0.14 



li 

10 

1,820 





1,730 

173.2 

195.5 

66.8 

9.06 








11 

1,820 





1,760 

178.8 

191.3 

61.1 

8.73 



2.4 

5.6 

.96 

2.85 


12 

1,820 

166.2 

168.0 

78.6 

12.74 

1,580 

134.0 

155.3 

78.7 

9.27 

6.45 

0.23 






13 

1,820 





1,250 

141.0 

130.0 

48.5 

8.45 







III 

U 

1,820 





2,040 

209.7 

235.9 

106.8 

10.28 







Com- 

15 

1,820 





1,200 

82.2 

118.3 

73.7 

9.70 

7.00 

0.52 





pound 

16 

1,820 

166.4 

168.1 

80.8 

13.40 

1,320 

100.6 

123.8 

62.8 

9.40 



6.2 

8.3 

1.10 

2.48 

E 

17 

1,820 





1,270 

138.4 

131.6 

34.4 

9.18 

6.82 

0.32 





IV 

18 

1 820 





1 130 

142 1 

165 5 

51.5 

8.30 





Com- 

19 

1^820 





1,340 

170.2 

179.8 

35.8 

8.95 

6.69 

0.38 





pnnnH 

20 

1 820 

165.5 

167.1 

78.9 

12.96 

1 810 

177 7 

186.8 

53.2 

8.92 



0.7 

2.9 

,43 

1.26 

E 

21 

1,'820 

1,610 

207.0 

205.0 

60.1 

9.68 

7.35 

0.66 





V 

22 

1,820 





1,700 

186.3 

188.7 

59.5 

9.09 








23 

1,820 





1,510 

174.2 

182.7 

60.4 

8.60 

6.31 

0.46 






24 

1,820 

165.0 

168.5 

83.4 

13.70 

2,010 

220.4 

220.4 

76.2 

9.90 



1.1 

6.1 

1.09 

3.60 


25 

1,820 





1,650 

179.6 

166.9 

74.9 

9.44 

6.45 

0.51 






26 

1,820 





1,870 

200.8 

190.7 

75.7 

9.54 








27 

1,820 





1,160 

160.8 

169.5 

56.1 

9.97 

6.13 

0.48 


















0.51 






This, however, was followed by an increase 
in weight, a decrease in urine volume, 
urinary sodium and chloride for several 
additional days only. Significant changes in 
hematocrit and serum protein levels did not 
develop but the serum urea nitrogen con- 
centration decreased slightly. 

A positive nitrogen balance was main- 
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during the final control period. There were 
reciprocal changes in serum potassium. As 
this subject developed twenty-four hours 
of generalized aches and slight fever the day 
following the conclusion of the final control 
period, it is not clear whether this alteration 
was related to the diuresis which com- 
menced before the steroid was discontinued 


04 Metabolic Effects of Compound E — Perera et al. 


or represented a metabolic change relating 
to the prodromas of an illness. 

Compound E administration was asso- 
ciated with a fall in serum inorganic phos- 
phorus concentration, again a slight decrease 
in total cholesterol, but no major change in 


tolerance tests were uniformly conducted 
after a sev'^enteen-hour fasting period. Dailv 
analyses of the urine for reducing suh 
stances or ketone bodies were negative. 

Determinations of radioactive iodine up- 
take,’" after the administration of 40 micro- 


Table m(i) 


Period 

Hos- 

pital 

Day 

W eight 

“Rest- 

ing” 

B.P. 

E.S.R. 

Hemato- 

crit 

W.B.C. 

Neutro- 

philes 

Lympho- 

cytes 

Eosino- 

philes 

Blood Sugar and Glucose 
Tolerance 

Fast- 

ing 

H 

Hr. 

1 

2 

3 


Kg- 

H 

Mm./ 

hr. 

% 

Cells 

Cells/cu. mm. 

Nfg./lOO cc. 

■ 

6 


100/56 

10 

37.3 

8,980 

1,976 

5,747 

625 

62 







7 


98/50 














8 


100/48 













■ 

9 


100/50 



7,500 

1,950 

4,837 

733 

78 

211 

136 

68 

80 


II 

10 

47.70 

98/50 


37.6 












11 

47.50 

98/54 














12 

47.25 

98/48 














13 

47.40 

100/52 

Hi 


7,700 

2,156 

4,774 

859 

78 

220 

127 

61 

!! 

!! 

ni 

14 

47.60 

104/54 

H 

37.6 





75 






Com- 

15 

47.30 

EEiffil 













pound 

16 

47.55 














E 

17 

47.95 

98/54 

■ 


10,720 

6,914 

3,538 

281 

98 


132 

83 

' - 

83 

IV 


48.20 

104/54 


36.7 





89 






Com- 


48.45 

106/50 













pound 


48.80 

112/56 








- 





E 


48.55 

106/60 



10,535 

7,322 

2,844 

234 

83 


147 

69 

76 

61 

V 

22 

48.20 

108/60 

15 

37.3 












23 

48.05 

116/64 














24 

48.10 

114/60 














25 

47.70 

112/58 














26 

47.85 

114/60 














27 




42.8 





77 


132 

80 





33 


^^9 


im 

7,700 

2,926 

3,927 

806 









HHH 











— 

— 

- 


urinary 17-ketosteroid or “corticoid” ex- 
cretion. The total stool fat’® was not modi- 
fied significantly. 

On the fourth and fifth day of treatment 
the fasting blood sugar levels were slighdy 
higher than in other tests, and the blood 
sugar cur\"es after intravenous glucose were 
minimally altered. No lu-poglyccmic reac- 
tions occurred at any time even though the 


curies, were carried out eight days apart at 
the end of period ii and r\’^; the upta ’C 
measured at twenty-four hours decrease 
from 23 to 14 per cent. The cardiac si - 
houette by x-ray increased very slight ) 
following Compound E, and a slight cjcwi 
tion in the T ^vavcs w'as obsen’cd 
electrocardiogram. 

The “resting” blood prc.ssurc began w 
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rise after a few days of Compound E ad- 
ministration, peak values being reached just 
after the drug was discontinued. 

Case iv. M. S., a forty-six year old house- 
wife, complained only of nervousness and weak- 


were not reduced. X-ray of the heart disclosed 
moderate hypertrophy and the electrocardio- 
gram showed left axis deviation and myocardial 
damage. Repeated urinalyses revealed variable 
glycosuria and two-plus albuminuria, together 
with occasional white blood cells; the urine con- 


ns ? 46 (*734901) 



♦ 4 4 4 ♦ ♦ I 


SERUM 

COj CONTENT (nnq /L ) 

24 3 

26 0 

26 3 

24 6 

25 9 

27 5 

25 6 

• 

chlorides 

101 4 

too 7 

too 5 

102 8 

990 

102 6 

(04 1 

• 

SODIUM • 

135 4 

136 0 

135 0 

134 0 

}344 

t37 4 

t37 0 

• 

POTASSIUM • 

4 6 

4 5 

4 5 

4 9 

4 8 

5 4 

5 0 

0 

CALCIUM (mg>/IOOcc) 


9 3 

9 8 

9 1 

9 0 


0 

PHOSPHORUS 



3 e 

3 4 

2 r 

3 8 


FASTING 

BLOOD SUGAR ' 

143 


115 

182 

154 

175 

124 

ALK PHOSPHATASE Bodoniky unlli 


6 

1 8 

8 

1 9 


SERUM 

CHOLESTEROL-FREE (mg»/IOOec) 72 

75 

72 

72 




TOTAL 

■ 

270 

279 

279 

2 66 



SERUM 

PROTEINS Igmi/IOOcc) 

€ 3 

6 4 

6 9 

6 8 

6 5 

6 0 

5 9 

0 

UREA N Imgi/IOOec} 

19 

22 

20 

22 

27 

18 

15 

HEMATOCRIT % ctlli 

44 5 

42 2 

42 6 

38 9 

39 8 

37 8 



URIN6 GLUCOSE 
( gms /24 hri > 


EOS / CO mm 


Fig. 4 


ness when she was admitted after twenty-six 
years of known hypertension. Glycosuria with 
a fasting blood sugar of 152 mg. per 100 cc. was 
first noted five years before, initially controlled 
by diet alone and later supplemented by small 
doses of standard insulin. There was neither past 
nor present evidence of cardiac pain, congestive 
failure, cerebral disease or Cushing’s syndrome. 
Physical examination was not remarkable ex- 
cept for a blood pressure of 230/110 and marked 
arteriolar changes, hemorrhages and exudate on 
funduscopic examination. 

The patient was afebrile throughout the 
period of observation. Complete blood count, 
circulation time and venous pressure were 
within normal limits. Popliteal arterial pressures 
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centrated to a specific gravity of 1.015; the 
phenolsulfonphthalein excretion was 80 per 
cent in two hours; and the intravenous pyelo- 
gram was normal. A benzodioxane test was 
negative. 

The conditions of the experiment w^ere iden- 
tical with those described in the first patient. The 
diabetes was controlled satisfactorily with five 
units of standard insulin given daily before 
breakfast and at no time tvere there signs of 
acidosis, ketosis or insulin shock. No insulin was 
administered until the completion of the glucose 
tolerance test on the day w'hen this procedure 
was undertaken. The diet employed in this pa- 
tient contained 1,724 calories per day w'hich 
included 70 Gm. of protein and 200 Gm. of 
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carbohydrate. Period r began on the nineteenth 
hospital day and Compound E (20 mg. intra- 
muscularly at six-hour intervals) was adminis- 
tered for eight days. Placebo injections were 
given only during periods v and vi. The twenty- 


dilution suggested slight retention. However, 
the urea nitrogen concentration rose during 
the periods of treatment. 

Nitrogen balance studies indicated an in- 
creased excretion appearing soon after treat- 


Table iv{fl) 


Period 

Hos- 

pital 

Intake 

Urine 

Stools 




H 

N 

Vol- 

ume 

Na 

Cl 

B 

N 

17-kcto- 

steroids 

“Corti- 

coids” 


B 

N 

I’at 

Cc. 

mEq./24 hr. 

Cm./ 
24 hr. 

Cc. 

mEq. 

Cm. 

Mg./ 

24 hr. (av.) 

mEq./ 
24 hr. 
(av.) 

Gm./24 
hr. (av.) 


19 

m 





1,670 

fi7.2 


66.8 

9.16 



1 





20 






1^160 


59.2 

54.2 

8.28 

2.15 

0.77 


9.8 

0.98 

3.0 


21 






1^370 

63.3 

69.9 

56.2 

8.99 


■ 





22 

IfiSil 



— 


1,390 

71.3 

79.4 

57.2 

8.62 



1 




n 

23 






1,570 


79.8 

62.5 




i 





24 


86.6 

91.4 

53.6 

12.9 

1,280 

63.8 


62.7 

9.00 

1.21 

0.87 

m 

6.5 


1.6 


25 






1,510 

85.2 


57.1 

8.88 



■ 





26 






1,630 

80.7 

86.4 

55.3 




1 




III 

27 

1,690 






59.0 

61.8 

57.6 

'8.02 







Com- 

28 

1,690 




12.9 

1,420 

69.3 



9.28 

4.80 

0.98 


21.2 

2.11 

2.9 

pound 

29 

1,690 





1,490 

73.3 

81.3 

60.2 

9.33 



6.9 

E 

30 

1,690 





1,460 

99.6 


62.0 

10.18 

2.32 

1.59 





IV 

31 

1,690 





1,240 

73.2 

77.4 

56.3 

10.52 







Com- 

32 


83.1 

90.5 

50.6 

12.5 

1,430 

81.4 

67.2 



2.15 

0.81 


14.2 

1.21 


pound 

33 

1,690 





1,160 

65.4 

67., 2 

57.1 

12.32 





E 

34 

1,690 





1,370 

77.9 

95.3 

41.8 

11.60 

2.48 

2.17 





V 

35 

1,690 





1,860 

77.2 

79.3 

46.1 

12.18 








36 

1,690 

84.3 

91.2 

57.7 

13.2 

970 

53.8 

57.3 

42.3 

11. 

1.09 

1.08 



1.48 

3.5 


37 






1,360 


WBKl 

51.0 

10.80 



6.8 


38 

1,690 





1,530 

86.2 

87.0 

48.5 

8.94 

1.32 

0.85 







VT 

39 

1 690 





850 

32.7 

37.7 

61.7 

8.59 








40 

b690 





1,500 

68.7 

73.5 

62.2 

9.01 

0.92 





3.8 


41 

1,690 





1,040 

48.4 

57.2 


8.72 



6.5 

13.7 

iRiy 


42 

1,690 





1,040 

51.9 

61.3 

62.7 









four-hour urinary excretion of reducing sub- 
stances was determined by Benedict's method. 

Resulls. The results arc sho^vn in Figure 
4 and Table iv. No subjective change was 
noted. Compound E (80 mg. daily) ap- 
peared to have minimal effects on water and 
salt metabolism. There was no increase in 
weight or significant change in urine volume 
but a transient decrease in urinary sodium 
and chloride as well as evidence of hemo- 


ment began. bcrumsoaiumconu<-iin«>^-— •- 
slightly together with reciprocal changes m 
scrum potassium. Compound E admini.stra 
tion was associated with a decrease in serum 
phosphorus concentration, a ver)' slig 
decline in total cholesterol and possibh ^ 
small increase in 17-kctostcroid and corn 
coid” excretion. The total stool fat vas no 
modified significantly. Fasting bloody 
levels were higher during the pcrio n 
steroid treatment. On the fourth day a tc 
amcrican jours a I- OF ilEUlCl- 
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the start of Compound E the peak levels of 
blood sugar were higher than in other 
glucose tolerance tests, and the character 
of the curve was more abnormal on both 
tests conducted during the treatment pe- 


67 

show considerable fluctuation. Nevertheless, 
there was a suggestive increase in some 
readings during Compound E administra- 
tion, followed by a decrease in average 
values after the drug was discontinued. 


Table iv(^) 


Pe- 

riod 

Hos- 

pital 

Day 

W eight 


Sed. 

Rate 

■ 

■ 

W.B.C. 

Ncutro- 

philcs 

Lympho- 

cytes 

Eosino- 

philes 

Blood Sugar and Glucose 
Tolerance 

Fast- 

ing 

H. hr. 

1 

2 

3 

4 

Kg. 

Mm. 

Hg 

mm./ 

hr. 

% 

Cells 

Gclls/cu. mm. 


Mg./lOO 

CC, 



I 

19 

72.90 

178/86 

30 

44.5 






■ 






20 

72.81 









■ 






21 

73.00 

176/90 








■ 






22 

72.86 

158/78 



5,000 

3,125 

1,750 

44 

116 


270 

198 



II 

23 

72.83 

162/82 


42.2 












24 

72.69 

154/76 


• • • • 

7,680 

4,631 

2,803 

61 

144 

334 

Kwi! 





25 

72.84 

156/78 














26 

72.54 

154/74 


— 

8,080 

5,271 

2,464 

45 

108 

303 

256 

213 

171 

125 

in 

27 

[Qjji 

168/90 


42.8 

9,530 

6,757 

2,287 

22 







Com- 

28 


152/76 













pound 

29 

72.40 

168/80 













E 

30 

72.28 

164/70 



— 

— 



167 

334 

m 



152 

IV 

31 


194/94 


38.9 











Com- 

32 


156/80 



9,150 

6,771 

2,104 

28 







pound 

33 

71.69 

150/70 













E 

34 

71.95 

180/88 


— 

11,480 

8,830 

2,411 

57 


278 

242 

228 

222 

189 

V 

35 

Bra 

144/72 

35 

39.8 












36 


158/78 














37 

71.79 

126/60 














38 

71.64 




8,290 

5,389 

2,518 

156 

137 

294 

227 

184 

163 

127 

VI 

39 

71.34 

126/68 


37.8 

8,500 

5,270 

2,975 

120 


m 

■ 

■ 

■ 

■ 


40 

71.79 

144/72 









■ 

■ 

■ 

■ 


41 

71.60 

130/66 









■ 

■ 

■ 

■ 


42 

71.65 

144/72 








H 

■ 

■ 

■ 

■ 


43 

71.75 

146/74 














riods. The total daily excretion of reducing 
substances was markedly increased in asso- 
ciation with the drug administration. Daily 
urine samples throughout the experiment 
were negative for acetone and diacetic acid. 

The sedimentation rate remained un- 
altered and teleroentgenograms and serial 
electrocardiograms were not modified. 

Despite the usual baseline period, “rest- 
ing” blood pressure values continued to 
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COMMENT 

It must be emphasized that the results 
obtained in this study represent short-term 
observations on a limited number of patients 
treated with 11 -dehydro- 17-hydroxy-cor- 
ticosterone acetate. * It is not known whether 
Compound E, either free or esterified, eon- 

* Furnished through the courtesy of Merck and Co., 
Inc., Rahway, N. J., in the form of a suspension in 
peanut oil, each cc. containing 10 mg. 
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stitutes a hormone normally elaborated by creases in fasting blood sugar and slight 

the adrenal cortex. Furthermore, it is not alterations in glucose tolerance curves were 

known whether 80 mg. per day represents obtained during the course of Compound E 

a small or a large dose, particularly since therapy. The increase in twenty-four-hour 

only a minute fraction of this dose appears excretion of reducing substances in the 

in the urine as a “corticoid” as compared diabetic subject indicated that these changes 

with the large amounts of “corticoid” mate- /vere real. The fourth patient, a hypertensive i 

rial presumably elaborated by the adrenal. / treated for five days, showed no change in 
cortex; moreover, there is the possibility ofy fasting blood sugar values. No glycosuria 
suppression of the patients’ own adrenal developed in the non-diabetic patients but 
cortical function by this steroid. traces of acetone appeared in two instances, 


In all patients tested Compound E pro- 
duced slight to moderate salt and water 
retention, usually with evidence of hemo- 
dilution. This was followed by a conspicuous 
diuresis in one subject. In the Addisonian 
patient on the first day of drug treatment 
this retention was preceded by a transitory 
increase in the excretion of water, sodium 
and chloride. In contrast to the familiar 
electrolyte effects of desoxycorticosterone 
acetate, the use of Compound E was asso- 
ciated with a small decline in serum sodium 
concentration of from 1.8 to 3.2 mEq. dur- 
ing the period of steroid administration. 

With the dosage of Compound E em- 
ployed no major changes in the excretion of 
potassium were evident. However, mention 
should be made of another patient with 
uncomplicated hypertensive vascular dis- 
ease who received a daily dose of 1 50 mg. on 
two separate occasions. Although detailed 
studies were not undertaken, a transitory 
increase in potassium excretion of about 
40 mEq. was noted during the first twenty- 
four hours, preceding the usual but transient 
retention of water or sodium. This phe- 
nomenon also occurred in the same patient 
upon the administration of adrenocortico- 
tropic hormone. 

A negative nitrogen balance was ob- 
served in two patients, appearing only after 
a few days of Compound E treatment. A 
significant change was not apparent in the 
subject with Addison’s disease. Despite the 
modification of carbohydrate metabolism 
the increased nitrogen excretion was not 
considered proof of increased conversion of 
protein to carbohydrate, although such a 
mechanism may be responsible. 

In three of the four patients small in- 


limited to the fourth day of steroid adminis- 
tration. Although the e.xcretion of reducing 
substances by the diabetic rose sharply, it 
must be recalled that small increases in 
blood sugar above renal threshhold values 
would be sufficient to account for this degree 
of glycosuria and that the possible contribu- 
tion of a change in threshhold has not been 
investigated. In the non-diabetic patients 
the alterations in carbohydrate metabolism 
produced by Compound E were of small 
magnitude. In the one Addisonian patient 
studied the effect on the seventeen-hour 
fasting blood sugars and glucose tolerance 
curves would not justify the conclusion 
that this agent will prevent or modify the 
hypoglycemia with complete regularity in 
hypoadrenalism. 

The rise in total white blood cell count 
and the fall in eosinophiles observed in three 
patients including the one with Addisons 
disease implies that Compound E may act 
directly on leukocytic mechanisms. 

Small changes in “resting” blood pressure 
were apparent in all patients. These, how- 
ever, were consistently greater than those ^ 
observed in this clinic in control hyper- 
tensives treated with placebos and fot 
similar periods of time. Whereas the arteria 
tension declined during or after therapy in 
the hypertensive subjects, it rose in the 
patient with adrenal cortical insufficiency 
more than would be expected on the basis 
of salt and water retention alone. It shou 
be recalled that desoxycorticosterone ace- 
tate, which provokes comparable degrees o 
salt and water retention (but no reduction 
in serum sodium concentration), has been 
found to exhibit pressor properties when 
studied under similar conditions in hyper- 
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tensive patients.^® The difference in response 
of the Addisonian patient and the delayed 
effect on “resting'’ blood pressure in all 
subjects imply that Compound E has no 
direct humoral action. These observations 
supplement the results obtained with an 
adrenal cortical extract^^ and suggest that 
the drop in blood pressure produced by the 
extract may have been due to Compound 
E-like substances. If the rise in arterial 
tension observed in the patient with Addi- 
son’s disease was not attributable to an 
increased blood volume, it is possible that 
this steroid requires the presence of an 
intact adrenal for its depressor effect and 
may act as a pressor agent in the absence 
of the adrenals. 

CONCLUSIONS 

1. Clinical and metabolic studies were 
undertaken in two patients with hyper- 
tensive vascular disease, one with Addison’s 
disease, and one with hypertension and 
diabetes in order to determine the effects of 
1 1 -dehydro- 1 7 -hydroxy-corticosterone ace- 
tate (Compound E) administration in doses 
of 80 mg. daily. 

2. Compound E induced small to moder- 
ate retention of salt and water, slight reduc- 
tions in serum sodium concentration, in- 
constant negative nitrogen balance, small 
changes in carbohydrate metabolism (and, 
in two patients, transient acetonuria) and a 
drop in total cholesterol not at the expense 
of the free cholesterol. 

3. An increase in circulating white blood 
cells, due primarily to polymorphonuclear 
leukocytes, together with a drop in eosino- 
philes, was recorded in three patients in- 
cluding the one with hypoadrenalism. 

4. Compound E exerted a depressor 
effect on the “resting” blood pressure of the 
hypertensive patients and a rise in pressure 
in the Addisonian patient. 

Acknowledgments: We are indebted to Miss Ann 
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Role of the Neurohypophysis in the Patho- 
genesis of Hypertension and Some Allied 
Disorders Associated with Aging* , 

Thomas Findley, m.d. 

New Orleans, Louisiana 

T he frequency with which aging is tures are, of course, obesity, hypertension, 

accompanied by such disturbances arteriosclerosis, an insulin-resistant type 

as hypertension, arteriosclerosis, of hyperglycemia, sexual impotence, osteo- 

obesity, diabetes mellitus and sexual impo- porosis, muscular weakness and frequently 

tence suggests that these disturbances may cancer. There are often other abnormalities 

reflect the gradual failure of some as yet as well but these seem to be the most impor- 

unknown homeostatic mechanism. This tant, and it is obvious that they are the 

paper assembles the evidence which sup- very disorders which contribute so heavily 

ports the view that hypofunction of the to the morbidity and mortality of later 

neurohypophysis may represent a common life. It taxes credulity to assume that when 

pathogenetic denominator. It is written in all these disturbances are assembled in one 

full awareness that the theory to be set forth person said then to have Cushing’s syn- 

is far from proved but also in appreciation drome, each of them has developed by a 

of the value of Charles Darwin’s statement special mechanism not operating in indi- 

that “without hypothesis there can be no viduals less spectacularly afflicted. There is 

useful observation.” no proof that any one of these features of 

The present concept was first presented Cushing’s syndrome differs fundamentally 
by Heinbecker^”'* but his experiments and ^ from the same feature appearing much 

deductions are not as widely appreciated . more commonly in the general population, 

as they should be. We here present addi- It is tempting to conclude that when 

tional data from the literature which(^ ' ' Cushing’s syndrome is understood the most 
appears to be relevant. ' ' commonly and deadly afflictions of old age 

, will also be understood and diat in many 

CUSHING s SYNDROME develops with increasing 

A discussion of Cushing’s syndrome maturity one or more facets of this complex 

affords a suitable point of departure. It is disorder which is so dramatic in its full- 

possible to accept the view that a patient blown form. 

with this disorder may simply be an un- The bodies of many persons with Cush- 
fortunate person in whom, for reasons to be ing’s syndrome contain tumors of one 

discussed later, many of the ills which beset endocrine gland or another — the adrenal 

aging man are concentrated in unhappy cortex most commonly — but also the an- 
intensity. This broad biologic viewpoint terior pituitary, thymus or ovary on occa- 
seems justified when one considers the chief sion. Of those without tumor many have 
manifestations separately. The classic fea- unmistakable hyperplasia of both adrenal 

‘From the Departments of Medicine, Tulane University of Louisiana, School of Medicine and the Ochsner Clinic, 

New Orleans, La. 
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cortices. Still others have shown no gross 
abnormality whatever of any endocrine 
gland. ^ The only common denominator thus 
far demonstrated which links all these cases 
together is the peculiar hyalinization of the 
basophilic cells in the anterior pituitary 
described by Grooke® and accepted by 
others.^-® Although opinion^® is not unani- 
mous concerning the specificity of these 
cellular ehanges, it appears to be nearly so, 
and it is therefore mandatory that the 
origin and significance of these Crooke 
cells be explained since they seem to 
represent the key to the problem. 

The only clue yet to appear comes from 
the study of that especially intriguing group 
of cases with no evidence of endocrine 
tumor or adrenocortical hyperplasia, and 
here again another apparent common 
denominator has recently been described. 
Influenced by previous studies on dogs 
which showed that destruction of certain 
hypothalamic nuclei causes obesity and 
other changes reminiscent of Cushing’s 
syndrome, Heinbecker^ reported that four 
such patients showed atrophy of the para- 
ventricular nuclei in association with Crooke 
eells; a fifth patient with cancer of the 
adrenal cortex had Crooke cells but normal 
hypothalamic nuclei. The idea was then 
propounded that the integrity of the 
basophiles and their respective end organs 
is dependent upon hormones issuing from 
the neurohypophysis, and that depression 
of basophilie function results in relative 
hyperfunetion of the pituitary eosinophiles 
and their respective end organs. Basophilic 
hypo-activity can be induced either by any 
neurologic event which inhibits the function 
of the neurohypophysis or, more commonly 
perhaps, by the formation in excessive 
amounts of other hormones physiologically 
antagonistic to those of the neurohypophysis. 
The basic observation concerning the effect 
of hypothalamic lesions upon the structure 
and function of the anterior pituitary has 
not yet been confirmed but an attempt will 
be made here to see if available collateral 
evidence can be interpreted in favor of this 
doctrine. 


EFFECTS OF HYPOTHALAMIC LESIONS 

Information concerning the effects of 
hypothalamic lesions upon homeostasis is 
meager, but enough is available to justify 
the suspicion that the neurohypophysis 
may be an important regulator of the 
processes under discussion. 

Obesity. Without questioning in the least 
the demonstration loy Newburgh^” and 
Gonn^® that the same thermodynamic rela- 
tions exist in obese as in normal persons, it 
seems possible to suggest that qualitative 
metabolic differences may exist within a 
normal quantitative frame. No one ques- 
tions the fact that the obesity in Cushing’s 
syndrome associated with adrenocortical 
tumor or hyperplasia is promoted by 
hormones emanating from that gland; 
indeed Albright^^ has postulated that the 
fundamental defect in these forms of 
Cushing’s syndrome is the overproduction 
of adrenocortical hormones which promote 
the formation of glucose from protein and 
suppress the peripheral oxidation of glucose. 
The present theory suggests that a state of 
relative hyperadrenocorticism exists when 
basophilic function is depressed and eosino- 
philic function is therefore unopposed. Or, 
conversely, it may be said that hypofunction 
of the neurohypophysis and its dependent 
basophiles may sensitize the organism to 
adrenocortical hormones in such a way as 
to promote the storage of fat. 

The development of obesity in animals 
with hypothalamie lesions has recently been 
reviewed by Brobeck.^® The most effective 
lesions involve the ventromedial nuclei and 
they eause gain in weight chiefly by in- 
creasing appetite and diminishing physical 
activity. Striking gain or loss of weight is 
commonly seen clinically in association 
with lesions in this area of the brain. It 
appears that concomitant injury to the 
anterior pituitary is not a factor.^® 

Histologic observations in simple obesity 
are searce but there are some which suggest 
the co-existence of basophilic degeneration. 
Ranson and associates^” produced adiposity 
and diabetes mellitus in a monkey with 
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bilateral hypothalamic lesions and Ras- 
mussen'* noted basophilia in its anterior 
pituitary. In a review of the literature 
Goldzieher'” found that ba.sophilia was a 
common but not constant anatomic change; 
he also reported ten cases of obesity with 
increased numbers of basophiles and chro- 
mophobes and nine control patients without 
such disproportions. Heinbecker' has pro- 
duced basophilic degeneration by denerva- 
tion of the neurohypophysis and increased 
the number of basophiles by administering 
pitressin. Failure to demonstrate histologic 
abnormalities in the hypothalamus and 
pituitary-® does not, of course, preclude 
the possibility of functional depression of 
neurohypophyseal activity or of hormonal 
counterbalance in peripheral tissue. 

There is also evidence, equivocal and 
unconvincing as it may be at the present, 
that pituitrin itself modifies fat metabolism. 
Several studies have shown the capacity 
of this hormone to produce fatty infiltration 
of the liver, presumably by transferring fat 
from other depots®'"®® although the exist- 
ence of a separate hormone “lipuitrin”®® 
has not been confirmed. Van Dyke®® stated 
that extracts of the posterior pituitary 
probably do not significantly affect the 
concentration of cholesterol and phos- 
phatides in the blood of normal mammals. 
Blotner®'^ observed this to be true in normal 
humans but claimed that pituitrin abolishes 
alimentary hyperlipemia in patients with 
obesity or diabetes insipidus. 

In view of the constancy with which most 
young people maintain their body weight 
in absolute conscious disregard of caloric 
intake or energy output and the almost 
universal tendency of older people to 
become heavier, it seems reasonable to 
suppose that obesity is not always a matter 
of gluttony or sloth. It is here suggested that 
subtle changes in the metabolic mixture 
occur as age produces diminished secretions 
of adrenocortical antagonists. 

Diabetes Mellitiis. The capacity of the 
eosinophile-adrenocortical complex to in- 
duce an insulin-resistant type of hyper- 
glycemia is demonstrated clinically by its 


frequent occurrence in acromegaly and in 
Cushing’s syndrome, and experimentally 
by Heinbecker and Rolf’s®* demonstrations 
that insulin sensitivity is greatly increased 
when eosinophilic function is impaired. 
Heinbecker® has furthermore shown that 
denervation of the neurohypophysis in- 
creases the resistance of dogs to the effects of 
insulin. Histologic evidence of eosinophilic 
proliferation in human diabetes mellitus 
has been both denied®® and reported.®®"®* 
The amelioration of pancreatic diabetes by 
hypophysectomy or adrenalectomy is, of 
course, well known as is the insulin- 
sensitivity of patients with Simmonds’ 
disease. 

Destructive lesions in the hypothalamus 
are known to modify carbohydrate metabo- 
lism but the results are difficult to interpret 
because of possible concomitant injury to 
the anterior lobe and because the neive 
supply to the liver, adrenals and pancreas 
may also be disturbed. Chronic hyper- 
glycemia has, however, occasionally been 
produced in animals by lesions involving 
the lateral nuclei**’®®’®* and Morgan and 
associates®® described atrophy of the para- 
ventricular nuclei in each of fifteen cases of 
clinical diabetes mellitus. Carbohydrate 
tolerance diminishes with age.®® 

The hyperglycemic action of pituitrin is 
apparently inconsistent with this general 
thesis but the mechanism of this action is 
not at all understood.®* It must be admitted 
that no reports have been found which sug- 
gest that neurohypophyseal extracts have 


an insulin-like action. 

Diabetes Insipidus. Of all the hypo- 
thalamic functions that of control of water 
metabolism is perhaps the best understood. 
There appears to be almost universal agree- 
ment that the integrity of the supra- 
opticohypophyseal tract is necessary if 
enough antidiuretic hormone is to be 
elaborated by the neurohypophysis to 
permit the renal tubules to absorb proper 
amounts of glomerular filtrate.®*’®® Destruc- 
tion of this same tract is not the only 
important factor, however, for the control 
of water balance also depends upon the 


OF medicine 


AMERICAN JOURNAL 



Neurohypophysis and 

action of the adrenal cortex. Adrenal- 
ectomy greatly reduces the fluid exehange 
in cats with diabetes insipidus and pitressin 
prolongs the lives of adrenaleetomized cats 
with diabetes insipidus. The prolonged 
water diuresis of humans with diabetes 
insipidus'*® resembles that seen in adrenal 
insufficiency.^^ Gersh and Grollman'*® noted 
no anatomic changes in the neurohypo- 
physes of rats dead of adrenal insufficiency 
but Martin and associates'*® claimed that 
hyperfunction of the posterior pituitary 
follows adrenaleetomy. From a clinical 
point of view the combination of hypo- 
pitressinemia and relative hyperadreno- 
corticism might well explain the low grade 
polyuria of elderly persons who have no 
abnormalities of the lower urinary tract, as 
well as that so often seen in diabetes 
mellitus, obesity and Gushing’s syndrome. 

Gonadal Failure. The association between 
hypothalamic lesions and hypogonadism, 
long recognized clinically, has recently been 
reviewed by Bard.'*^ Dey'*® reported that 
genital atrophy is caused by lesions in- 
volving the median eminence whereas 
injury to the anterior hypothalamus pro- 
duces genital hypertrophy and pronounced 
ovarian follicular development due to lack 
of luteinizing hormones. Brooks'*® believed 
that there are enough nerve pathways 
between the hypothalamus and the anterior 
pituitary to justify the assumption that the 
output of gonadotrophic hormone is at least 
in part regulated by the central nervous 
system, a viewpoint strengthened by the 
demonstration®® that section of the pituitary 
stalk has a definite effect upon the estrous 
cycle of guinea pigs. Heinbecker* attributed 
gonadal failure to loss of basophilic function. 
By comparing the changes in dogs produced 
by denervation of the neurohypophysis with 
those following total hypophysectomy (the 
median eminence is also destroyed), he 
found that the basophiles are trophic to the 
thyroid, the follicular cells of the ovary 
and the sperm cells of the male. Confirma- 
tion of these observations might then 
explain the frequent association of gonadal 
failure with obesity, diabetes mellitus, 
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“menopausal hypertension” and Gushing’s 
syndrome. It might also account for the 
relatively high incidence of hypometabolism 
and hypercholesterolemia in these condi- 
tions. Gonadal failure is often associated 
with experimental®* and clinical®® diabetes 
mellitus. 

Osteoporosis. Albright®® has recently re- 
viewed his studies which show that some 
forms of osteoporosis are associated with 
disturbances in the metabolism of protein 
rather than with defects in the ability of 
the body to handle minerals. In Gushing’s 
syndrome and other diseases of adaptation 
osteoporosis is attributed to excess of these 
adrenocortical hormones which accelerate 
gluconeogenesis; in old age loss of gonadal 
hormones and excess of adrenocortical 
“N-hormone” appear to be important. 
Regardless of the precise mechanism, hy- 
peradrenocorticism — absolute or relative — 
is obviously a fundamental contributing 
factor in the common types of skeletal 
demineralization. 

Blood Pressure. It remains to inquire 
whether a similar approach may not clarify 
the pathogenesis of chronic diastolic hyper- 
tension. A satisfaetory theory concerning 
the pathogenesis of hypertension must take 
into account the following factors: (1) 
Genetic variations which make one person’s 
blood vessels more susceptible than an- 
other’s to stimulation and disease; (2) 
psychogenic influences which result in 
personality disorders; (3) lack of evidence 
for increased sympathetic tone in at least 
the majority of patients with essential 
hypertension; (4) the remarkable similarity 
between experimental renal and clinical 
essential hypertension; (5) the tendency of 
“renal” hypertension to assume a chronic 
“non-renal” form; (6) the probable causal 
relationship between hyperadrenocorticism 
and the diseases of adaptation; (7) frequent 
association of high blood pressure with old 
age, arteriosclerosis, obesity, hyperglycemia, 
hypercholesterolemia, sexual impotence, 
polyuria, osteoporosis, pregnancy, renal 
diseases and benign prostatic hypertrophy. 

To date, the chief obstacle to acceptance 
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of the humoral origin of hypertension is the 
consistent failure of many workers to 
demonstrate increased amounts of pressor 
materials in biologic fluids of animals and 
humans with chronic hypertension.®"' Nega- 
tive hormone assays^ however, do not 
exclude the possibility that the organism 
has become sensitized to normal amounts of 
circulating pressor substances, and the 
essence of the present theory is that appro- 
priate lesions in the hypothalamus create 
this condition of relative pressor excess by 
diminishing the production of antipressor 
substance. More specifically, it is postulated 
that destruction of the paraventricular and 
supra-optic nuclei and the consequent 
depression of neurohypophyseal activity 
so alters the eosinophile-basophile activity 
ratio of the anterior lobe as to create a state 
of heightened tissue responsiveness to the 
combined actions of such pressor materials 
as desoxycorticosterone, progesterone, renin 
and epinephrine. If this is true, then the 
fact that essential hypertension is often not 
accompanied by demonstrable overproduc- 
tion of specific steroids,®®""®’ renin®® and 
epinephrine,®® loses force. There is at the 
present time much suspicion but no proof 
that dysfunction of the adrenal cortex exists 
in essential hypertension. Gross pathologic 
observations have been of little value. 
Claims have been made that hyperplastic 
and adenomatous changes in the adrenal 
cortex occur with significant frequency in 
hypertension and diabetes mellitus®'’”®'* al- 
though the evidence to the contrary seems 
more convincing. ®®’®®“®^ Histologic studies 
have been equally inconclusive although 
a systematic application of the Ponceau 
fuchsin reaction is obviously needed.®® The 
physiologic approach has been somewhat 
more productive, particularly the demon- 
stration by Selye'®'"^ and others'® that 
certain steroid hormones can under certain 
conditions cause hypertension and various 
vascular lesions. Obliteration of experi- 
mental renal hypertension by adrenalectomy 
and its re-appearance follo%ving substitution 
therapy has been amply confirmed;^®’'^ 
Selye®^ reported that some patients with es- 
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sential hypertension exhibit the high serum 
Na 

^ ratio reminiscent of Cushing’s syn- 
drome. Knowiton and co-workers'® showed 
that hypersensitivity to desoxycorticosterone 
acetate and sodium also exists in rats with 
serum-induced nephritis. Perera"® reported 
the case of a man with established hyper- 
tension whose blood pressure dropped with 
the onset of Addison’s disease and increased 
under the influence of desoxycorticosterone 
acetate; he"' showed that hypertensive 
humans withstand salt deprivation much 
more easily than normal subjects do and 
that sodium potentiates the pressor activity 
of desoxycorticosterone acetate in hyper- 
tensive subjects, '® and, importantly from the 
standpoint of the present thesis, he’® claimed 
that patients with essential hypertension 
are hypersensitive to the pressor action of 
desoxycorticosterone acetate. In later pa- 
pers, however, he’®""”®’®® reported that this 
response gradually disappears despite con- 
tinued administration of this steroid and 
that desoxycorticosterone glucoside and 
adrenal cortical extract have no pressor 
activity in hypertensive humans. Goldman 
and Schroeder’®® also reported that hyper- 
tensive humans are abnormally sensitive to 
the blood pressure-raising action of DOCA 
but that propylene glycol, adrenal cortical 
extract, progesterone, testosterone, dehydro- 
isoandrosterone acetate. A® pregnenolone 
and 1 7-hydroxy-l 1 -dehydrocorticosterone 
had no such pressor activity when given 
intravenously. An obvious contrast can, of 
course, be made between the hypertension 
of Cushing’s syndrome and the hypotension 
of Addison’s disease, and the present interest 
in sodium depletion as a method of treating 
high blood pressure testifies to tire probable 
alterations in adrenocortical function,®® 
Any experimental method which will 
induce eosinophilia of the anterior pituitary, 
therefore, assumes prime importance for 
these cells appear to be trophic to the 
adrenal cortex. The validity of this concept 
and its associated implications rests solely 
upon the unconfirmed experiences of Hein- 
becker’“"' with three different types of 

AMERICAN JOURNAL OF .MEDICINE 



Neurohypophysis and Hypertension — Findley 


neurosurgical procedures illustrated dia- 
grammatically in Figure 1. Simple hypo- 
physectomy (a) is functionally equivalent 
to anterior lobectomy since the median 
eminence and part of the stalk remain as 
sources of neurohypophyseal hormone. Total 
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hypophysectomized (operation b) leads to 
the further conclusion that the eosinophiles, 
on the other hand, are trophic to the heart, 
renal tubules, adrenal cortex, corpus luteum, 
the cells of Leydig and the prostate. These 
organs do not atrophy following denerva- 


A 


B 


O 
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Fig. 1. Heinbecker’s technic for separating the eosinophilic and basophilic functions of the anterior 
pituitary. Operation C produces only basophilic degeneration. 


hypophysectomy (b) represents excision of 
all anterior and posterior lobe tissue. 
Denervation of the neurohypophysis by 
appropriate incisions in the anterior and 
posterior hypothalamus (c) is functionally 
equivalent to neurohypophysectomy since 
all pituitrin-forming tissue is inactivated 
without concomitant damage to the anterior 
lobe. Heinbecker’s fundamental contribu- 
tion consists of his demonstration that in 
dogs operation c is followed, after a latent 
period of a few months, by profound histo- 
logic and physiologic changes in the anterior 
pituitary. Such preparations^ show not only 
a large reduction in the number of baso- 
philes but also degenerative changes in the 
few which remain; the anterior lobe con- 
sists almost entirely of eosinophiles and 
chromophobes with only a sprinkling of 
degranulated turbid basophilic elements. 
Since these animals also show regressive 
changes in the thyroid, follicular cells in 
the ovary and the sperm cells in the male, 
it is furthermore assumed that hormones 
from the basophiles are trophic to these 
glands. Comparison of these observations 
at autopsy with those in animals totally 
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tion of the neurohypophysis with its attend- 
ant basophilic degeneration nor does this 
operation modify the hypertrophy of the 
remaining kidney or adrenal in such animals 
which are also unilaterally nephrectomized 
or unilaterally adrenalectomized. The im- 
portance of the pituitary eosinophiles in 
the regulation of the circulation is shown 
by the extremely high urea clearance in 
acromegaly®^ and by the profound reduc- 
tion in arterial pressure, cardiac output, 
renal blood flow and diodrast-Tm which 
follows simple or total hypophysectomy but 
not denervation of the neurohypophy- 
sis 3.82,83 Growth may be largely a function 
of blood flow. 

Confirmation of these claims is urgently 
needed for they possess startling implica- 
tions. Some of these are: (1) a correlation 
between cellular structure and function in 
the anterior pituitary exists which is not 
now generally conceded; (2) the growth 
and integrity of the basophiles depend upon 
humoral agents elaborated by the neuro- 
hypophysis; (3) hypofunction of the neuro- 
hypophysis sensitizes the organism to ad- 
renocortical hormones and possibly to other 
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pressor substances as well and (4) the 
eosinophiles exert a profound effect upon 
the circulation. 

Figure 2 shows schematically how hypo- 
thalamic lesions may produce basophilic 
degeneration with its attendant suppression 


not been specifically repeated, supporti^'e 
evidence is available from other sources. 
Mellgren’s®® quantitative studies of the 
cellular changes in the anterior pituitary 
and adrenal cortex in Cushing’s syndrome 
and allied diseases are in accord although 
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Fig. 2. Heinbecker’s concept of the manner by which hypofunction of the neurohypophysis and 
degeneration of the anterior lobe basophiles result in relative hyperadrenocorticism. 


of thyroid and gonadal function on the one 
hand and eosinophilic dominance with 
subsequent hyperactivity of the adrenal 
cortex and its various target organs on the 
other hand. If valid, the concept means 
that Cushing’s syndrome, of which hyper- 
tension is a fundamental feature, can be 
produced by: 

1. Overproduction of Steroid Hormones. This 
obviously accounts for the hypertension in 
those cases of Cushing’s syndrome caused 
by tumor or hyperplasia of the adrenal 
cortex. For some unknown reason adreno- 
cortical hyperplasia apparently also accom- 
panies arrhenoblastoma*'* and cancer of the 
thymus. In these cases no hypothalamic 
lesion need be postulated; the Crooke 
changes are due to neutralization of neuro- 
hypophyseal hormone by excessive corticoid. 

2. Destructive Lesions in the Hypothalamus. 
Although Heinbecker’s experiments have 


his interpretations are at variance with 
those here offered. Without comment on 
the mechanism of the results obtained by 
Sevringhaus and Thompson,^' it may^ be 
noted that they produced in a different 
manner the same combination of Crooke 
cells and atrophy of the thyroid and gonads. 
Chronic hydrocephalus might be expected 
to initiate such a mechanism; Heinbecker 
reported dramatic reversal of Cushing s 
syndrome in one case following removal 
of a meningioma from the foramen mag- 
num, and Kraus*® reported basophilic 
degeneration and adrenocortical hy^per- 
trophy in a series of patients with lesions 
in the region of the third ventricle. Ras- 
mussen^ observed a rough correlation be- 
tween basophilia and the age of the patient, 
a hint that nuclear abiotrophy might be the 
common denominator. Heinbeeker^ con- 
versely reported that [^administration of 
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large amounts of pituitrin in normal dogs 
leads to basophilic proliferation. It is at 
least conceivable that increased intra- 
cranial pressure may occasionally be the 
cause of malignant hypertension rather 
than the result. 

The fact that denervation of the neuro- 
hypophysis in dogs (operation c) did not 
result in severe and sustained hypertension^ 
appears to offer a serious objection to the 
present tlieory, as is also the fact that no 
correlation between diabetes insipidus and 
hypertension has been described. In Hein- 
becker’s^ series of patients with diabetes 
insipidus, however, a relatively high inci- 
dence of moderate hypertension was re- 
ported, and in our small series*® of five 
patients three had blood pressures defi- 
nitely higher than 140 diastolic and 90 
systolic. It seems likely, however, that the 
paraventricular nuclei are more important 
than the supraoptic group from the stand- 
point of Cushing’s syndrome; in addition 
to the evidence already cited, Sattler and 
Ingram®” reported that section of the supra- 
opticohypophyseal tracts high in the median 
eminence of dogs with renal hypertension 
results in a decline of blood pressure, and 
DeBodo and Marine®' noted no endocrine 
abnormalities in dogs made polyuric by 
section of the same tract. Walter and 
Pijoan,®® on the other hand, produced 
severe and sustained hypertension in one 
dog by a small incision made transversely 
in the hypothalamus immediately posterior 
to the infundibulum. 

3. Functional Fihibition of the Neurohypo- 
physis. Perversion of function is not neces- 
sarily reflected in distortion of structure so 
that histologic evidence of eosinophile- 
adrenocortical dominance need not be 
demanded. Sustained cerebrocortical in- 
hibition of hypothalamic nuclei in a person 
whose blood vessels are genetically pre- 
disposed to pressor stimuli must be a 
common combination. “Hypopituitrinemia” 

■ — a term to describe underproduction of 
neurohypophyseal hormones, known or 
unknown — may be of any grade and is 
probably seldom so complete as to raise 
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compensatory endocrine changes to the 
visual threshold. It usually requires half a 
lifetime for hypertension to develop. Affer- 
ent pathways to the hypothalamic nuclei 
are known to be widespread®* but impulses 
from the frontal lobe are apt to be of special 
importance in the etiology of diseases of 
adaptation. 

Arteriosclerosis. The experimental pro- 
duction of vascular lesions by adrenocorti- 
cal substances^” offers an important clue 
concerning the etiology of this common 
condition, and the deposition of cho- 
lesterol in atheromatous lesions suggests, 
of course, that disturbances in steroid 
metabolism are contributing factors. 

Old Age. No studies concerning the 
effect of age upon the structure of the 
hypothalamus have been found, but Ras- 
mussen" observed increasing basophilia. 
The “adrenopause” comes later than the 
“menopause,”** a fact which may have 
some bearing upon the acknowledged cor- 
relation of the disorders under discussion 
with increasing maturity or decay. 

PITUITRIN ANTAGONISTS 

If it be claimed that hypofunction of the 
neurohypophysis sensitizes the organism 
to pressor substances elaborated by the 
adrenal cortex, the kidney and other organs, 
it must be demonstrated that pituitrin is 
capable of neutralizing, at least in part, the 
action of certain known hormones. 

Desoxycorticosterone Acetate [DOGA). It is 
not claimed that the effects of this hormone 
on salt and water metabolism are restricted 
to the neutralization of pitressin but, when 
given to normal animals in large amounts, 
DOGA produces a state of chronic polyuria 
similar in many ways to diabetes insip- 
idus'’”'*®’®'* but differing from it in that it is 
relatively unresponsive to pitressin. Corey 
and Britton®* observed that administration 
of DOGA to rats caused polydipsia, poly- 
uria and reduced urinary excretory rates 
of sodium and chloride; the opposite 
effects were produced by pituitrin and 
vvlien the two drugs were given together 
the action of pituitrin predominated. Zierler 
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and LilienthaF® produced in a man^polyuria 
and polydipsia with DOCA. The ability of 
this substance to facilitate the re-absorption 
of sodium and water by the renal tubules is, 
of course, well known®' and Shannon'*^ 
attributes the capacity of dogs with dia- 
betes insipidus to maintain blood volume 
during dehydration to maximal tubular re- 
absorption of sodium occasioned by pituitrin 
deficiency. The opposing effects of adreno- 
cortical extract or DOCA and pitressin 
upon the renal excretion of minerals have 
also been emphasized by Anderson and 
Murlin®® and McQuarrie and co-workers.®® 
Winter and co-workers'®® showed that 
adrenalectomy in cats with diabetes in- 
sipidus is followed by the usual rise in serum 
potassium concentration but not by any 
consistent decrease in serum sodium or 
chloride. A complete review of this subject 
is beyond the scope of this paper but 
additional references are offered 

which suggest but do not prove the existence 
of neurohypophyseal-adrenocortical antag- 
onism. Possible antagonistic effects of 
pituitrin upon other functions of the ad- 
renal cortex seem not to have been studied 
in detail although it is reported'*® that 
pitressin does not prolong the life of the 
adrenalectomized cat. However, the sug- 
gestion of Corey and Britton®® that excess 
of pituitrin might cause a syndrome re- 
sembling adrenocortical insufficiency is quite 
in harmony with the Heinbecker hypothe- 
sis. Evidence that DOCA can cause sus- 
tained hypertension in normal animals*®*"””® 
has not been universally confirmed.***’**® 

Denervation of the neurohypophysis in 
dogs sensitizes the renal blood vessels to the 
constrictive action of DOCA.*®'**® Perera 
and Blood'® showed that humans with 
essential hypertension respond in an exag- 
gerated manner to the pressor activity of 
DOCA given subcutaneously, and Gold- 
man and Schroeder'®'"’ **■*■*** have also ob- 
served this phenomenon following intra- 
venous administration. 

Progesleroiie. No specific studies con- 
cerning the effect of pituitrin on the actions 
of progesterone have been found but this 


steroid is closely related chemically and 
physiologically to DOCA. It is known at 
least that the lives'^'of adrenalectomized 
animals are prolonged by crystalline proges- 
terone**® and by pregnancy.**' Reynolds 
and Allen**® reported that progesterone 
neutralizes the in vitro action of pituitrin on 
estrogen-primed uterine muscle. Goldman 
and Schroeder'®®' **■*'*** have published con- 
flicting claims concerning the acute pressor 
response of hypertensive humans to intra- 
venously administered progesterone dis- 
solved in propylene glycol. Progesterone 
induces hypertension in normal ani- 
mals.*®®'**®’**®-*®* 

Renin. Antagonism between the posterior 
pituitary and the kidney may be suspected 
from the fact that administration of renin 
produces chronic polyuria*®® and Oster and 
Martinez*®® reported polydipsia and poly- 
uria in rats with renal hypertension. Frankel 
and Wakerlin,*®'* however, observed that 
renal hypertension in dogs does not modify 
the output of antidiuretic substance in 
response to hydration and dehydration. 

Heinbecker'* produced chronic hyper- 
tension and eosinophilia of the anterior 
pituitary in normal dogs by wrapping the 
kidneys in silk but when the same pro- 
cedure was applied to animals whose 
neurohypophysis had been previously de- 
nervated, death rapidly ensued in a manner 
resembling that which Goldblatt*®® described 
after extreme constriction of the renal 
arteries. Animals with experimental renal 
hypertension are reported to be hypersensi- 
tive to renin*®*-*®® but the data are not 
convincing. Pitressin is said to diminish the 
pressor action of angiotonin*®® but its 
effect upon renin has apparently not been 
reported. Failure of posterior hypophy- 
sectomy*®® or of section of supra-optico- 
hypophyseal tract®® to intensify renal hyper- 
tension may have been due to incomplete 
removal or inactivation of neurohypophy- 
seal tissue. The matter of hypersensitivity 
of hypertensive man to renin and angio- 
tonin has not been reported. 

Epinephrine. Increased sensitivity to 
epinephrine has been reported in hypcr- 
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tensive and man^®"^"^^' but 

these results should be interpreted with 
caution since hypertensive subjects often 
appear to hyper-react to a variety of stimuli. 
Epinephrine does, however, greatly intensify 
the vasoconstrictive properties of certain 
proteins derived from various tissues, in- 
cluding the kidney,^®® and it is a substance 
capable of stimulating the formation of 
adreno trophic hormone.^®® 

COMMENTS 

The present hypothesis has many at- 
tractive aspects. It assigns to the central 
nervous system the important role in the 
pathogenesis of hypertension and allied 
diseases which it deserves. Heretofore, the 
vasomotor centers have received considera- 
tion because of the great importance of the 
adrenergic system in the adjustment of the 
organism to emergency situations, but 
there is no convincing evidence that sympa- 
thetic tone is increased in chronic essential 
hypertension. The shifting of empha- 
sis from the medulla oblongata to the more 
ancient structures comprising the floor 
of the third ventricle opens a new approach 
to the study of the aging process, which 
should appeal to students of psychosomatic 
medicine who have long been aware of the 
disastrous effects which chronic friction 
between the personality and its environ- 
ment may exert upon the cardiovascular 
system. One would like to find ana- 
tomic evidence of hypothalamic disease 
and basophilic degeneration in all cases of 
continued diastolic hypertension but Ras- 
mussen^ was unable to do so. No structural 
changes may be anticipated, however, if 
one assumes that chronic hypopituitrinemia 
can be produced in constitutionally sus- 
ceptible persons by sustained inhibition of 
the hypothalamus from impulses arising 
from centers higher in the brain. 

This theory accounts for the fact that no 
chemical evidence of increased hormonal 
production is usually found as strong hints 
exist that neurohypophyseal extracts an- 
tagonize several important pressor hor- 
mones. Cerebral abiotrophy with dimin- 
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ished secretion of the only hormone the 
brain is known to produce seems to be a 
logical event in the aging process, and this 
deficiency brings with it a state of relative 
hyperadrenocorticism. Heinbecker’* even re- 
ported that denervation of the neurohypo- 
physis produces lymphopenia, a consistent 
accompaniment of certain forms of adreno- 
cortical hyperfunction. Eosinophilic domi- 
nance may also be produced by the action 
of large amounts of DOGA, ^progesterone 
and renin'*’ although the “endocrine 
kidney” of Selye^^ seems to secrete an 
antirenotrophic substance. Special types of 
hypertension, of course, are apt to appear 
in younger persons when overproduction 
of pituitrin-antagonists occurs with primary 
diseases of the adrenal cortex and kidney 
and in pregnancy, but the fundamental 
mechanism may be the same. 

This hypothesis may explain the fact 
that hypertension of purely renal origin 
eventually becomes non-renal in nature, 
the experimental observations being sup- 
ported by clinical experience that neph- 
rectomy seldom modifies the hypertension 
associated with unilateral renal disease 
unless the operation is done early. Signifi- 
cant amounts of renin have been observed 
in the blood of animals and man only in 
the early stages of hypertension or in acute 
disturbances of renal blood flow,^'*®'*'*® 
so it appears that in established hypertension 
the need for excessive renin formation no 
longer exists. Heinbecker® considers that 
renin production increases whenever the 
integrity of renal tubular tissue is threatened 
by disease or anoxia; the hypertension 
which it produces by constriction of extra- 
renal blood vessels is a compensatory phe- 
nomenon designed to maintain renal blood 
flow and glomerular filtration rate, and 
it is sustained by the neurohormonal mech- 
anism herein! described. If so, this com- 
pensatory effort performs its task at great 
expense to extrarenal organs and eventually 
destroys the kidney itself by producing 
vascular lesions. It is much too early to 
attempt a correlation between these views 
and those offered by Shorr and co-work- 
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gj.gi5o,i5i concerning tlie importance of 
vaso-active materials from the kidney and 
liver in the regulation of the circulation. 
This theory aecounts for the acknowl- 
edged frequency with which hypertension 
and arteriosclerosis are associated with 
obesity, hyperglyeemia, hypereholesterole- 
mia, gonadal failure, osteoporosis and 
polyuria. There is also reason to suspect 
that benign prostatie hypertrophy and 
hyperostosis frontalis interna are also 
variants of the same underlying disorder.®* 

Finally, this theory suggests that pre- 
ventive and therapeutie measures may be 
aehieved through substitution therapy. Hy- 
pertension has been treated with pituitrin 
before'®* but for precisely opposing reasons 
to those herein advoeated. One should note 
that for every disorder known to be assoei- 
ated with hyperfunction of some phase of 
adrenoeortieal activity, an analogue seems 
to have been produced by destructive 
lesions involving the hypothalamus and its 
appendage. If this concept appears to 
violate the laws of endocrine homeostasis, 
it may be argued that the diseases under 
diseussion are themselves expressions of 
disturbed homeostasis. In any event it 
offers a fertile field for further investigation. 

SUMMARY 

Evidence, derived largely from Hein- 
becker’s experimental investigations, is as- 
sembled to support the view that hyper- 
tension and many allied disorders of aging 
are due to hypofunction of the neurohypo- 
physis. Diminished seeretion by this gland 
results in degeneration of the basophiles of 
the anterior pituitary and their respective 
target organs and in a state of increased 
tissue sensitivity to the combined aetion of 
various pressor hormones. 
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ADDENDUM 

Additional pertinent references have ap- 
peared. By an entirely different technic 
Keller (Keller, A. D. Experience in at- 
tempting to elucidate certain of the multi- 
tudinous functions of the pituitary gland, 


using the experimental surgical approach. 
Texas Rep. Biol. & Med., 6: 275, 1948) 
secured evidence that total hypophy.sectomv 
is not followed by adrenocortical atrophy 
if the hypothalamus is also injured and 
suggested that the hypothalamus creates a 
“contra-adrenotropic” hormone. Further 
evidence that the neurohypophysis and the 
adrenal cortex act in opposing directions is 
supplied by the report that adrenalectomy 
increases tlie concentration of antidiuretic 
substance in the blood of rats (Birnie, J. H., 
Jenkins, Rosemary, Eversole, W. J. and 
Gaunt, R. An antidiuretic substance in the 
blood of normal and adrenalectomized 
rats. Proc. Soc. Exper. Biol. & Med., 70; 83, 
1949). Shaken and Greene (Shaken, J. G. 
and Green, D. M. Mechanisms of desoxy- 
corticosterone action, relationship of fluid 
intake and pressor responses to output of 
antidiuretic factor. Am. J. Physiol., 155: 290, 
1948) found that DOGA given subcutane- 
ously to rats caused polydipsia, hypertension 
and increased output of antidiuretic sub- 
stance in the urine. Friedman and co- 
workers (Friedman, S. M., Polley, J. R. 
and Friedman, C. L. The effect of desoxy- 
corticosterone acetate on blood pressure, 
renal function and electrolyte pattern in the 
intact rat. J. Exper. Med., 87: 329, 1948) 
reported that DOGA pellets implanted in 
normal rats produced hypertension, con- 
striction of efferent glomerular arterioles 
and a rise in plasma sodium. Patients with 
essential h^'pertension are hypersensitive to 
nor-epinephrine (Goldenberg, M., Pines, 
K. L., Baldwin, Eleanor De F., Greene, 
D. F. and Ron, C. E. The hemodynamic 
response of man to nor-epinephrine and 
epinephrine and its relation to the problem 
of hypertension. Am.yj. Med., 5: 792, 1948). 
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Origin and Nature of Antibiotics* 


Selman a. Waksman 
New Brunswick^ New Jersey 


yA NTiBiOTics are chemical substances 
which are produced by micro- 
JL organisms and which have the 
capacity to inhibit the growth of and even 
to destroy bacteria and other micro-organ- 
isms. They are characterized by certain 


upon true fungi; others attack both fungi 
and bacteria; still others act only upon 
fungi. Some are also active against ricketts- 
iae and a few of the larger viruses. Some 
antibiotics possess antiprotozoan activities, 
affecting trypanosomes or trichomonads. 


Table i 


TYPICAL ANTIBACTERIAL SPECTRA OF SEVERAL ANTIBIOTICS — UNITS OF ACTIVITY PER 1 CM. 


OF PREPARATION 


Test Organism 


B. subtilis 

S. aureus 

S. lutea 

Cl. welchii .... 
B. anthracis. . . 
Pr. vulgaris . . . 
Br. abortus. . . . 

E. coli 

S. schottmiilleri 
M. tuberculosis 
K. pneumoniae 
S. marcesccns . . 


Penicillin * 

Actinomycin 

Streptomycin 

Clavacin 

19,000,000 1 

60,000,000 

2,000,000 


9,500,000 1 

20,000,000 

2,000,000 

200,000 

38,000,000 1 

60,000,000 

4,000,000 

100,000 

1,500,000 1 

1,000,000 

1 25,000 § 

500,000 

1, 000,000 f 


2,500,000 


4,000 f 


500,000 


2,000$ 

10,000 

500,000 


<1,000 

5,000 

1,000,000 


<1,000 

<10,000 

500,000 

60,000 

<1,000 


7,000,000 


<1,000 


1,000,000 


<1,000 

<5,000 

1,000,000 

60,000 


* Considerable variation is found among different strains of the same organisms. Two crude preparations of 
penicillin used in these tests designated either by t or by f. 

§ Cl. butyricum used. 


distinct physical, chemical and biological 
properties which make them ideal poten- 
tial chemotherapeutic agents. These can be 
described briefly as follows: 

1 . Antibiotics are highly selective in their 
action upon different micro-organisms. This 
selectivity extends not only to genera and 
species but even to strains and individual 
cells. Some antibiotics attack mainly gram- 
positive bacteria and only to a limited ex- 
tent the gram-negative forms; others affect 
alike various types of bacteria within each 
of these two groups. Some have no effect 


No antibiotics that are active against the 
smaller viruses have so far been isolated 
although the indications are that such exist. 
The variations in the action of antibiotics 
upon different bacteria and other micro- 
organisms are both qualitative and quanti- 
tative in nature. This suggested the concept 
of an “antibiotic spectrum,” which records 
the selective action of a given antibiotic 
upon a number of representative bacteria 
and other micro-organisms. This is illus- 
trated in Tables i and ii. 

2. The antibiotics represent a large num- 
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ber of chemical compounds, ranging from 
simple substances containing only C, H and 
O, to more complex forms which contain 
nitrogen, sulfur and even chlorine, as shown 
in Table iii. They vary greatly in chemical 
structure as shown in the accompanying 


from one another in the presence or absence 
of certain chemical groups. This may affect 
their quantitative activity upon different 
bacteria. This is true, for example, of tlie 
penieillins or the streptomycins. The various 
compounds within each antibiotic comple.\ 


Table ii 

TYPICAL ANTIBIOTIC SPECTRA OF SEVERAL ANTIBIOTICS PRODUCED BY DIFFERENT MIGRO-ORG \NISMs’— 


MINIMUM INHIBITORY CONCENTRATION OF ANTIBACTERIAL SUBSTANCES IN MICROGRAMS PER ML. 


Antibactci ial Substance 

B. mycoides 

B. 

subtilis 

i s. 

aureus 

E. coli 

K. 

pneumoniae 


M. plilci 

Aspergillic acid . . . 

2 

4 

4 

62 

13 

1,000 

125 

Biformin 

13 

0 04 

0.3 

1.7 

1.7 

53 

0 6 

Citrinin . . 

32 

16 

16 

>1,000 



125 

Dihydrostreptomycin 

0 25 

0 5 

0 03 

0.25 

0.13 

4 

0 25 

Gliotoxin 

0 25 

0 25 

0 15 

25 

6 

500 

4 

Helvolic acid (fumigacin) . 

4 

16 

1 

>1,000 

4 


>32 

Kojic acid . ... 

2,500 

620 

1,250 

2,500 

620 

5,000 

2,500 

Mycophcnolic acid 

500 

250 

250 

500 

>1,000 

>1,000 

500 

Patulin (clavacin) . . 

16 

4 

8 

8 

8 

125 

16 

Penicillic acid 

32 

8 

16 

64 

64 

1,000 

64 

Penicillin G 

30 

0 03 

0 016 

14 

110 

500 

14 

Penicillin X 

30 

0 06 

0.03 

14 

240 

500 

29 

Pleurotin. . 

3 

0.2 

0 8 

>500 

>500 


>32 

Spinulosin . 

125 

125 

63 

250 

250 

500 

250 

Streptomycin 

0 13 

0 25 

0 03 

0 25 

0 13 

4 

0.25 

Streptothricin 

100 

0 8 

0 1 

0 3 

0 1 

2 

7 


Structural formulas. Some of the antibiotics 
comprise several compounds which differ 

Table hi 

CIIE.MICAL COMPOSITION OF CERTAIN ANTIBIOTIC 
SUBSTANCES 

I. Compounds containing C, H and O: 

Kojic acid CeHdOi 

Clavacin CtHcOj 

Penicillic acid CgHioO* 

Pyolipic acid CioHioOj 

Gladiolic acid CuHioOg 

M>cophenolic acid CnHtoOc 

Viridin CjoHisOe 

Fumigacin, hclvolic acid C3:H4<0!, 

II Compounds containing C, H, O and N: 

Hcmip>ocyanin CnHgON; 

.‘\spcrgillic acid CiiHioOjNj 

Pyocyanin CuHioON* 

Streptomycin CjiHjT-ssOjjNr 

PyO It C34H4604?'?2 

.Actinomycin C4iHi60iiNs 

Polypeptides — Gramicidin, tjrocidinc, etc. 

III. Compounds containing C, H, O, N and S: 

Penicillin C 9 Hii 04 SN;-R 

Glioto\in C13H14O4S-N: 

tv. Compounds containing chlorine: 

Gstin CisHiiOgCls 

Chlorom\ cetin 

•Aureomvein 


are produced by different strains of a given 
organism, by different organisms or by tlic 
same organism under different conditions 
of culture. 

3. Certain micro-organisms are capable 
of producing more than one antibiotic. The 
ability of Pseudomonas aeruginosa to form 
pyocyanase, pyocyanin and hemipyocyanm 
has long been known; to these have recently 
been added the pyo-compounds, pyolipic 
acid and certain others. Bacillus sublilis 
forms a number of polypeptides which 
possess antibiotic properties; it is sufficient 
to mention bacitracin, subtilin and bacillin. 
Aspetgillus Jlavus produces aspergillic acid 
and certain forms of penicillin. A. Jumigalus 
yields at least four antibiotics, namely, 
spinulosin, fumigatin, fumigacin and gho- 
toxin and possibly others. Slreptomyces griscus 
forms the antibacterial agents streptomycin 
and mannosidostreptomycin, the antifungal 
agent actidione and the antitrichomonas 
agent strcptocin; other strains of S. griscus 

or medicine 
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produce grisein and other antibiotics. Vari- 
ous strains of iS. lavendulae are able to yield 
streptotliricin, lavendulin, streptin, strepto- 
lin and others. The culture filtrates of some 
of the antibiotic-producing organisms are 
also active against various bacterial toxins 
whereas the purified antibiotics do not 
possess that activity; this phenomenon has 
been designated as the antidotic effect. 

4. Some antibiotics are produced by 
several different organisms. The various 
penieillins are formed by P. nolatum, P. 
cluysogenum, A. flavus, A. giganteus, P. cruslo- 
ceum and a number of other fungi. The 
same is true of gliotoxin, clavacin and 
various other antibiotics. Clavacin is known 
under a number of different names, depend- 
ing on the organism from which it was 
isolated. This accounts for ''claviformin,” 
“patulin,” “clavatin,” “expansin” and ‘'leu- 
copin.” Actinomycin is produced by a large 
number of different actinomycetes belong- 
ing to the genus Streptomyces. Streptomycin 
has been isolated from cultures of .S’, griseus 
and S. bikiniensis and from cultures of 
organisms that are also able to form other 
antibiotics, such as streptothricin. 

5. The nature of the substrate in which 
the antibiotie exerts its antibaeterial effect 
may influence the nature and extent of this 
effeet. Certain constituents of the medium 
reduee the activity of an antibiotic by 
neutralizing its action or by adsorbing or 
by inactivating the antibiotic. This is 
particularly true of the effects of salts and 
serum proteins, which may thus explain the 
differences in the in vitro vs. in vivo activities 
of eertain antibiotics. 

6. Some antibioties, such as penicillin, are 
readily destroyed by various micro-organ- 
isms whereas others, sueh as streptomycin, 
are highly resistant to mierobial action. 

7. The mode of aetion of antibiotics upon 
bacteria varies. Some interfere with the 
growth of baeteria and with their cell 
division; some influence mierobial respira- 
tion; others affect the utilization of essential 
metabolites by the bacteria. 

8. Antibiotics vary greatly in their toxic- 
ity to animals. Some, like actinomycin and 
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xanthomycin, are extremely toxie; others, 
like penicillin, have virtually no toxicity 
at all; most of the other antibiotics fall 
between these two extremes. The specific 
effect of an antibiotic upon the various 
animal tissues also varies greatly. 

9. Some antibioties ean be modified 
chemieally so as to reduce their toxic 
properties. This is true of dihydrostreptomy- 
cin which is a reduced form of streptomycin. 

10. Bacteria sensitive to a given anti- 
biotic may gradually develop resistance to 
it when allowed to be in contact with it for 
some time. Different antibioties vary greatly 
in this respeet. Some, like streptomycin, 
allow rapid development of resistance of 
most bacteria originally sensitive to it; 
others, like penicillin, allow only gradual 
development of resistance of very few 
sensitive bacteria. The process of re-ac- 
quirement of sensitivity or loss of resistance 
also differs with the antibiotic and with the 
bacteria. A given bacterial culture may 
contain one or more cells far more resistant 
to a certain concentration of an antibiotic 
than the great majority of the cells in that 
eulture; when these resistant cells develop, 
they give rise to a culture which shows far 
greater resistance to the partieular anti- 
biotic than the original eulture. 

Because of these differences in chemical 
properties, antibacterial activities and ef- 
fect upon body tissues, antibiotics vary 
greatly in their chemotherapeutie potenti- 
alities. This is largely the reason why of 
more than one hundred antibiotics that 
have already been isolated and described, 
only five or six have so far found practical 
application in the treatment of infectious 
diseases. 

HISTORICAL BACKGROUND 

In tracing the historieal development of 
our eoncepts of the nature and utilization 
of antibioties, three distinct periods must 
be recognized; (1) The early observations 
of the growth of micro-organisms in mixed 
cultures, the effects of one organism upon 
another when grown in artificial media 
and the interactions among various organ- 
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isms found in a natural environment 
including mixed infeetions. (2) The first 
attempts to isolate, from pure cultures of 
bacteria and other micro-organisms, crude 
preparations or purified chemical sub- 
stances which possessed antibacterial proper- 
ties; these attempts were often accompanied 
by efforts to utilize the isolates for the 
control of infectious diseases. (3) The last 
decade when antibiotics became recognized 
as important chemotherapeutic agents and 
their role in the treatment of numerous 
diseases became permanently established. 

To illustrate further these distinct phases 
in the history of a new branch of science, 
that of the science of antibiotics, a few 
additional facts may be cited; 

Early Observations. From the early days 
of bacteriology it was recognized that 
various micro-organisms are capable of 
repressing, in culture, the growth of other 
organisms. Mixed infections were found 
to behave differently from the same type of 
infections caused by single disease-produc- 
ing agents; in such mixed infections some 
of the organisms tvere able to repress the 
growth of others. An attempt was made to 
utilize such organisms, as in the treatment 
of infections by less pathogenic organisms, 
such as anthrax with streptococci or with 
Ps. aeruginosa. 

Early students of the microbiologic popu- 
lation of the soil observed that the great 
majority of disease-producing organisms 
\vhich find their way into the soil gradually 
tend to disappear there. This was shown 
to be due largely to the presence in the soil 
of microbes, known as antagonists, which 
brought about destruction of the disease- 
producing forms. 

Those sporadic attempts that were made 
to utilize for chemotherapeutic purposes 
either the saprophytic organisms themselves 
or the chemical substances that they pro- 
duced in culture media failed completely 
or at best yielded rather inconclusive re- 
sults. This was due, partly at least, to an 
insufficient differentiation between the ac- 
tivities of the living organisms and of their 


chemical products which possessed anti- 
bacterial properties. 

The evidence submitted in support of 
these isolated obser\'ations did not e.xcrt 
any profound influence upon tlie under- 
standing of the mechanism of disease 
or upon the course of medical practice. 
Although many of these studies were funda- 
mental in nature, the results obtained did 
not fit into a well coordinated pattern. They 
certainly did not point to the great potenti- 
alities in the field of utilization of antibiotics 
for disease control as it is visualized today. 
Witliout reviewing in detail the numerous 
observations in this field, a few illustrations 
will suffice; 

In 1885 Cantani attempted to utilize 
certain common bacteria for the treatment 
of tuberculosis. Cultures of the saprophyte 
of doubtful purity were blown into the 
lungs of the patients. A certain improvement 
in their condition resulted; this was accom- 
panied by the appearance of the saprophytic 
organism in the sputum. Emmerich demon- 
strated somewhat later that an injection of 
streptococci into animals enabled them to 
withstand infection from B. anlliracis. Bou- 
chard also showed that inoculation of 
animals with Ps. aeruginosa gave protection 
against anthrax. 

The replacement of pathogenic bacteria 
in a given infection by saprophytic organ- 
isms or b)'^ potentially lesser pathogens forms 
a most interesting chapter in the history of 
microbiology'’ and medical practice. Intro- 
duction into the human intestines of harm- 
less lactic acid organisms to replace poten- 
tially dangerous enteric bacteria was ini- 
tiated by Metchnikov and later found 
wide application. The use of Escherichia coli 
for the purpose of replacing pathogenic 
bacteria in the gut was first postulated by 
Nissle in 1916; this was the vogue for awhile. 
In the treatment of diphtheria recourse was 
had to use of several bacteria, ranging from 
lactic acid organisms to Staphylococcus aureus. 
the resulting effects were not alway^s too 
favorable to the host, as one might expect 
from an c.xccssivc application of S. aureus. 
Use of various forms of yeasts, by different 
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methods of administration, also had a cer- 
tain popularity atone time, again with rather 
uncertain results. Cultures of lactobacilli 
were used not only for internal but also for 
external administration, as in the treat- 
ment of vaginal trichomoniasis. Applica- 
tion of cultures of -Lactobacillus acidophilus 
was said to be beneficial in the treatment of 
various forms of diarrhea and dysentery. 

The first attempt to use an antibiotic 
preparation must be credited to Emmerich 
and Low who, in 1899, utilized pyocyanase 
for combating infections. This was followed 
by numerous other efforts of a similar 
nature. The results obtained were rather 
uncertain and often disappointing in spite 
of the fact that at times some favorable 
indications were obtained. Pyocyanase prep- 
arations appeared to find special applica- 
tion in surface therapy; they were used 
clinically in a number of infections, in- 
cluding nasal sinuses, Vincent’s angina, 
diphtheria and, in veterinary practice, strep- 
tococcal mastitis. 

Fungus products as well were tried for 
their clinical potentialities. In 1913, Vau- 
dremer, for example, used the metabolic 
products of A. fumigatus for combating 
tuberculosis; although some 200 patients 
were thus treated, the results were again 
rather inconclusive. Gratia utilized cultures 
of certain actinomycetes for the purpose of 
lysing typhoid bacteria; the preparations 
thus obtained were designated as myco- 
ly sates and were used for immunizing 
purposes. 

A number of other microbiologic prepa- 
rations were tested for their therapeutic 
power. Frequently the total culture filtrate 
of the organisms was used. These prepara- 
tions were occasionally found to possess 
marked antibacterial properties. Some of 
them were active against bacteria not only 
in the test tube but also in experimental 
animals. A few of them were even used 
clinically, with varying degrees of success, 
in the treatment of various human infec- 
tions, such as anthrax, diphtheria and 
tuberculosis. The results obtained from these 
investigations were not sufficient, however, 
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to warrant drawing broad conclusions 
concerning the possibility of utilizing the 
metabolic, products of micro-organi.sms as 
chemotherapeutic agents, except under 
varied special conditions and upon a limi- 
ted number of infections. 

First Isolation of Antibiotics. Among the 
three major groups of miero-organisms 
largely responsible for the produetion of 
antibiotics at tlie present time, namely, 
the baeteria, fungi and actinomycetes, the 
first reeeived tlie earliest consideration. The 
ability of certain bacteria belonging to the 
pyocyaneus group to inhibit the growth 
of and even to kill other bacteria was in- 
vestigated nearly six decades ago. This 
organism yielded a preparation designated 
as pyocyanase, which may be considered as 
the first antibiotic ever isolated and de- 
scribed. This ability of certain bacteria to 
yield substances that possessed antibacterial 
properties was considered to be a freak and 
was not visualized as having a widespread 
distribution among micro-organisms. Pyo- 
cyanase was actually believed to be an 
enzyme system that had the capacity of 
bringing about lysis of certain bacterial 
cells. 

A mere review of the voluminous litera- 
ture on the compounds possessing anti- 
bacterial properties which have been iso- 
lated from the culture medium and from 
the cells of Ps, aeruginosa would take far 
more space than would be justified in this 
brief summary of the field of antibiotics. 
Suffice to say that even at the present time, 
after more than half a century of research, 
this organism and its characteristic capacity 
of causing inhibition of bacterial growth 
still continue to attract the attention of 
many investigators. Attention is directed 
only to the recent work of Doisy and his 
associates on the pyo-compounds and of 
Bergstrom, Theoreil and Davide on pyo- 
lipic acid. Although numerous claims have 
been made concerning the practical ap- 
plication of some of the preparations ob- 
tained from this organism, none of these 
preparations has so far become established 
as a recognized chemotherapeutic agent. 
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The isolation of antibiotics from spore- 
forming bacteria also covers extensive 
literature. It is sufficient to draw attention 
to the earlier work of Nicolle, Pringsheim 
and Much, on specific organisms belonging 
to the B. subtilts, B. mesentericus and B. 
mycoides groups, and to numerous other 
investigations on the ability of various other 
spore-forming bacteria to inhibit the growth 
of bacteria and other micro-organisms, 
including many human and animal patho- 
gens. These studies culminated in 1939 in 
the work of Dubos, who isolated from 
cultures of the B. brevis group a series of 
polypeptides which possessed remarkable 
antibacterial properties. The tyrothricin com- 
plex contained two crystalline compounds, 
gramicidin and tyrocidine. This was followed 
by a survey of numerous other products of 
spore-forming bacteria, some of which 
appear to possess remarkable properties of 
promising chemotherapeutic agents. 

The ability of fungi to inhibit the growth 
of other micro-organisms was also recog- 
nized before the end of the last century. 
Gosio is credited wida having isolated from 
a culture of Penicillium an antibiotic sub- 
stance designated as mycophenolic acid. These 
early studies were followed by the work of 
Duchesne and Vaudremer, to be culminated 
in the work of Fleming in 1929, who isolated 
from a culture of Penicillium notatum a prepa- 
ration designated as penicillin which pos- 
sessed remarkable antibacterial properties. 
More than a decade elapsed, however, 
before Florey, Chain and their associates 
demonstrated, in 1940 to 1941, its remark- 
able chemotherapeutic properties. This was 
soon followed by a deluge of investigations 
on the production of penicillin, as well as 
on the general subject of the production of 
antibiotic substances by fungi. One other 
antibiotic isolated during the early period 
must be mentioned here, namely, gliotoxin. 
Although this agent was cr^’^tallized and its 
antifungal properties were established, its 
antibacterial activities were not recog- 
nized. Certain other products of fungus 
metabolism were isolated by Raistrick and 
his collaborators, but the antibacterial poten- 


tialities of these products were not established 
until later. 

Although various observations have been 
made in the past concerning the ability of 
certain actinomycetes to inhibit the growth 
of bacteria, the comprehensive study of tlie 
formation of antibiotics by this group of 
organisms dates only to the last decade. 
The two outstanding groups of investiga- 
tions previous to 1939 are; first, tliose of 
Gratia and Welsch on the production of a 
lytic system by an organism designated 
first as streptotliri.v and later as Actinomyces 
albus, the active agent finally being named 
actinomycetin and, second, the surveys of 
several Russian investigators on the occur- 
rence of antagonistic actinomycetes in tlie 
soil and their selective action upon various 
bacteria. The systematic investigation of 
the production of antibiotics by actino- 
mycetes, begun in 1 940 by the workers of 
the Department of Microbiology of the New 
Jersey Agricultural Experiment Station and 
which resulted in the isolation of actinomy- 
cin, micromonosporin, streptothricin, strep- 
tomycin, grisein, streptocin and neomycin, 
gave a marked stimulus to the study of these 
organisms, with the result that more than 
thirty compounds have now been isolated. 
These vary greatly in their chemical 
nature, antimicrobial spectra, toxicity to 
animals and chemotherapeutic potentialities. 

The production of antibiotic substances 
may thus be considered as a phenomenon 
widely distributed among micro-organisms. 
The nature of the antibiotic and its quanti- 
tative yield depend upon the organism, the 
manner of its nutrition and conditions of 
growth. One type of antibiotic may he 
produced by a certain organism grown in 
surface culture and another type under 
submerged conditions. A.Jlavus, for c.\'ample, 
produces largely aspergillic acid in station- 
ary culture and flavicin, a penicillin-Hkc 
substance, produces the acid in submergee 
culture. The nutrition of B. brevis and the 
production of tyrothricin by this organism 
are quite different under submerged con- 
ditions of growth as compared to stationars 
cultures. Certain organisms require spcci ic 
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nutritional or growth-promoting agents or 
precursors for the formation of a given sub- 
stance; other antibiotics are produced in 
syntlietic or simple organic media. 

Attempts have been made to explain the 
capacity of antagonistic micro-organisms 
to produce antibiotics on the basis of their 
struggle for existence in nature. The avail- 
able evidence does not fully justify this 
assumption. Although the presence in the 
soil of certain toxic compounds, which may 
be classified with tlie antibiotics, has been 
demonstrated, no evidence has as yet been 
submitted to prove that the accumulation 
or even the formation by micro-organisms 
of antibiotics under soil conditions is based 
upon competition for either nutrients or 
space. 

The available evidence leads to the con- 
clusion that various micro-organisms have 
the inherent capacity of inhibiting the 
growth of or killing other organisms. This 
is usually brought about by the formation 
of specific chemical agents, namely, anti- 
biotics. Such properties may or may not be 
stimulated by the addition to the substrate 
of sensitive organisms. The ability to pro- 
duce antibiotics may be due to strain selec- 
tivity of the organism, to improvement in 
the culture medium for its development or 
to stimulation of a latent capacity which 
it possesses. 

The Last Decade. To bring all these 
cursory observations together into one 
system and thus lay the groundwork for 
the science of antibiotics, and especially to 
determine their potentialities as chemo- 
therapeutic agents, a synthesis was needed. 
This required the coordinated efforts of 
the microbiologist, chemist, pharmacologist 
and clinician in order to test various cultures 
of miero-organisms obtained from different 
substrates for their ability to inhibit bac- 
terial growth and produce antibiotic sub- 
stances, to isolate such substances from the 
metabolite solution, to evaluate their toxic- 
ity and effectiveness in the animal body 
and finally to test them clinically. This 
synthesis was brought about in 1939 to 1940, 
when isolation of tyrothricin, soon followed 
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by the re-isolation of penicillin, established 
beyond doubt that substances of microbial 
origin, the antibiotics, can find an impor- 
tant place in chemotherapy, not only of 
human diseases but also of animal and 
possibly even of plant diseases. 

It is of special interest to draw attention 
to the fact that three groups of investiga- 
tions, which have thus laid the foundation 
for the recent advances in our knowledge of 
antibiotics, dealt with the three groups of 
micro-organisms that are now considered 
to be the most important producers of 
antibiotic substances. (1) Investigation of 
the tyrothricin complex produced by B. 
brevis. This not only served to focus attention 
upon an important group of antibiotics, the 
bacterial polypeptides, but also laid the 
foundation for extensive studies of aerobic 
spore-forming bacteria. This led to the 
isolation of a large number of compounds, 
designated as gramicidin S, siibtilin, bacitracin, 
licheniformm, polymyxin, aerosporin, bacillin, 
eumycin, subtilysin, endosiibtilysin and others. 
(2) The work on the penicillin complex. 
This was followed by numerous studies on 
the production of antibiotics by fungi, with 
major emphasis on the various forms of 
penicillin. These studies resulted in isolation 
of a large number of antibiotics, including 
aspergillin, aspergillic acid, citrinin, clavacin 
{claviformin, paluli7i),Jumigacin {gladiolic acid), 
glutinosin, javanicin, mycocidin and penicillin- 
like substances. With the exception of 
penicillin, none of the fungus antibiotics 
has so far shown any outstanding promise 
as a chemotherapeutic agent. (3) In- 
vestigation of the production of antibiotics 
by actinomycetes. This resulted first in the 
isolation in 1940 of actinomycin — a highly 
toxic compound. Others followed, most 
important of which are, in order of isolation, 
streptothricin, streptomycin, chloromyceUn, aureo- 
mycin and neomycin, several of \vhich prov'^ed 
to be highly important chemotherapeutic 
agents. A large number of other antibiotics 
have been isolated from cultures belonging 
to this group, such as micromonosporin, no- 
car din and proactinomycin. 
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WHAT ANTIBIOTICS ARE DESIRABLE^ 

It, is now generally recognized that for a 
new antibiotic to qualify as a chemotherap- 
eutic agent it must satisfy certain definite 
requirements, the most important of which 
may be summarized briefly as follows: 
(1) It must be selective in its action against 
various groups of micro-organisms and 
should not be a generalized protoplasmic 
poison. (2) It must have desirable anti- 
bacterial properties, that is, it must affect 
bacteria or other micro-organisms that are 
not subject to the action of other antibiotics 
or sjmthetic chemical compounds, or it 
must be more potent or more effective than 
others which it is to replace. (3) It must be 
active in the presence of body fluids. (4) It 
must not be destroyed by tissue enzymes. 
(5) It must not be toxic, or at least not too 
toxic to animals as a whole, or to individual 
cells, such as leukocytes, or to tissues, such 
as kidneys. (6) Preferably it should possess 
desirable physical and chemical properties, 
such as solubility in water and a certain 
degree of stability. (7) It should be excreted 
readily, but not too rapidly, from the 
animal system and should not accumulate 
there and produce undesirable after-effects. 

Some of the more interesting antibiotics, 
even if not always the most desirable, may 
now be discussed in somewhat greater detail. 

ANTIBIOTICS OF BACTERIA 

Large numbers of bacteria, including 
gram-positive and gram-negative forms, 
spore-forming and non-spore-forming cocci 
and bacilli, have the capacity of producing 
antibiotics. Some of these substances are 
active largely upon gram-positive bacteria; 
some are activ^c also upon gram-negative 
forms; some are able to attack fungi. A few 
of them have found application as chemo- 
therapeutic agents. Only some of these need 
be considered in further detail. 

Tyrolhricin is made up of about 20 to 25 
per cent gramicidin and 60 per cent t)TO- 
cidinc. The first is a large polypeptide, 
having a molecular weight of about 2,826, 
with a high content of tr^’ptophanc and cer- 
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tain natural and unnatural isomers of otlirr 
amino acids. It is insoluble in water and i? 
active only against gram-positive bacteria 
both hi vitro and in vivo. Tyrocidinc lias a 
molecular weight of 2,564 and is composed 
of /-amino acid residues and 3 residues of 
i/-phenyl alanine. It is active against various 
bacteria only in vitro. It is inhibited by 
serum proteins. 

Polymyxin is a basic substance soluble in 
water. It is highly active against various 
gram-negative bacteria, both in vitro and 
in vivo; its activity is not affected by the 
reaction of medium within a range of pH 
5 to 8. It appears to be identical with a 
similar antibiotic described as aerosporin. 

Bacitracin is produced by a member of the 
B. subtilis gToup. It is a neutral compound, 
soluble in water and in organic solvents. Its 
polypeptide nature has recently been ques- 
tioned. It is highly active against certain 
gram-positive bacteria, has limited toxicity 
in animals and clinically exerts a marked 
effect in the treatment of infections caused 
by sensitive bacteria. 

Subtilin is produced by a strain of B. stib- 
lilis. It is insoluble in 95 per cent alcohol but 
is soluble in 70 per cent. It is active only 
against gram-positive bacteria, including 
M. tuberculosis, both in vitro and in vivo. It is 
also active against a number of pathogenic 
fungi, Endamoeba histolytica and Trypanosoma 
equiperdum. Its low toxicity and in vivo ac- 
tivity make it a potential chemotherapeutic 
agent. 

Lichenijormin was isolated from B. licheni- 
formis, a strain of B. subtilis. It is not active 
against gram-negative bacteria but is effec- 
tive against certain gram-positive forms, 
including M. tuberculosis. 

Xisin is produced by certain lactic acid 
streptococci. It is active, both in vitro an 
in vivo, against various gram-positive bac- 
teria, including A'l. tuberculosis. It is similar 
in many' respects to diplococctn. another anti- 
biotic produced by lactic acid cocci, a 
protein-like material of small molccu ar 
weight. 

Colicins are a group of antibiotics pro- 
duced by certain strains of Escherichia co i 
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and other enteric bacteria. They are highly 
specific in their action upon other enteric 
bacteria, species of Shigella being most sensi- 
tive. The various colicins differ in their 
antibiotic spectra and in their physiochemi- 
cal properties. Some cultures produce several 
colicins with different antibiotic spectra. 
They are peptides in nature and are de- 
stroyed by proteolytic enzymes; they are 
soluble in water, insoluble in organic 
solvents and heat-stable. Their potential 
chemotherapeutic value is questionable. 

Pyo-compounds are extracted from the cells 
of Ps. aeruginosa with hot alcohol. They are 
nitrogenous compounds (G34H46N2O4 etc.) 
and are active against gram-positive bac- 
teria, apparently in vitro only. 

Pyolipic acid has also been obtained from 
Ps. aeruginosa. It has the composition of 
C11H22O3 and is active against M. tuberculosis. 

Numerous other bacteria were found to 
have the capacity of producing antibiotic 
substances but most of them, as in the case 
of marine bacteria, have been but little 
studied. 

ANTIBIOTICS OF FUNGI 

Fungi form by far the largest group of 
organisms which have the capacity to pro- 
duce antibiotics. Some of the earliest and 
some of the most recent compounds have 
been isolated from this group of micro- 
organisms. Very few. of the Pliycomycetes 
yielded any antibiotics. Only one prepara- 
tion active against Tr. equiperdum was re- 
ported. It is soluble in organic solvents and 
in water. The Basidiomycetes have yielded a 
number of compounds, some of which, 
notably polyporin and clitocibin, were believed 
to offer potentialities as chemotherapeutic 
agents, the latter against M. tuberculosis. 
Certain agarics were also found to have-a 
marked effect upon this organism. The pig- 
ment lactaro violin is active in very low 
concentrations. Some of the antibiotics iso- 
lated from lichens, such as usnic acid and 
ramularin, have also been found to be highly 
effective against the tubercle organism not 
only in vitro but also in vivo. 

The largest number of antibiotics have 
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been isolated from Hyphomyceies. Some of 
these are toxic and offer, therefore, little 
promise of becoming chemotherapeutic 
agents; the potentialities of others have still 
been little investigated. Among the more 
important antibiotics the penicillins occupy 
the leading place. Although the greatest 
interest is manifested in the clinical applica- 
tion of penicillins, considerable knowledge 
has been gained of the physiology of P. 
notatum and P. chrysogenum and the bio- 
chemical problems concerned in penicillin 
production and the mode of action of peni- 
cillin upon bacteria. Various species of 
Aspergillus have also been found to produce 
penicillin. In addition some form other anti- 
biotics, such as aspergillic acid. 

Only a few of the antibiotics produced by 
fungi are described in detail herein. 

Penicillin. At least six closely related 
compounds comprise the penicillin group. 
They are produced by a number of fungi, 
chiefly members of the P. notatum-chryso- 
genum groups. They are active largely against 
gram-positive baeteria and have little ac- 
tivity against gram-negative rods and acid- 
fast bacteria, fungi or viruses. The penicillins 
are relatively non-toxic and have found 
extensive application in chemotherapy, 
notably in diseases caused by cocci (staphy- 
lococci, gonococci, meningococci), gram- 
positive rod-shaped bacteria, including 
both aerobic and anaerobic forms, and 
spirochaetes. 

Clavacin. Clavacin is active against var- 
ious gram-positive and gram-negative bac- 
teria, acid -fast bacteria and fungi. It is very 
toxic to both animals and plants and there- 
fore has not found any practical application. 

Fumigacin fhelvolic acid). Fumigacin is 
produced by various strains of Aspergillus 
fumigatus, an organism capable of producing 
a variety of other antibiotics, notably 
gliotoxin, fumigatin, spinulosin and an anti- 
tumor factor. It is soluble in organic solvents 
and insoluble in water. It mainly inhibits 
gram-positive bacteria. It is fairly toxic and 
has found no application in chemotherapy. 

Gliotoxin Gliotoxin is produced by a 
number of fungi. It is soluble in organic 
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solvents and insoluble in water; it is active 
against a large number of bacteria and 
fungi. It is highly toxic. 

Chetomin. Chetomin is produced by Chae- 
tomium cochliodes, largely in its mycelium. It 
is soluble in a number of organic solvents 
but not in water or petroleum ether. It is 
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active only against certain gram-positive 
bacteria. It is not toxic but it is not active 
in vivo. 

Penicillic acid. Penicillic acid is, like 
clavacin, a fairly simple compound. It is 
soluble in water and in organic solvents. 
It is produced by a variety of fungi. It is 
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active against a number of gram-positive 
and gram-negative bacteria. 

Ustin. Ustin is a chlorine-containing 
antibiotic (CigHigOsCls). It is an acidic 
substance soluble in ether. It inhibits var- 
ious gram-positive-and aeid-fast bacteria. 

ANTIBIOTICS OF ACTINOMYCETES 

Among the various groups of micro- 
organisms which are now being extensively 
investigated as potential producers of anti- 
biotics, the actinomycetes occupy a promi- 
nent place. Many thousands of cultures, 
largely members of the genus Streptomyces, 
are being isolated and tested in numerous 
laboratories throughout the world. This is 
due to the ease with which these cultures 
can be obtained from soils, manures, peats, 
river mud, dust and other natural sub- 
strates; to the large proportion of cultures 
(10 to 50 per cent) that can be shown by 
simple methods of testing to possess anti- 
bacterial properties; and to the great prac- 
tical potentialities of some of the antibiotics 
produced by these organisms, as shown to 
be the case for streptomycin. 

Among the more promising antibiotics 
the following may be listed; 

Streptomycin. Streptomycin is produced 
primarily by certain strains of Streptomyces 
griseus. It is isolated from the culture by 
adsorption on charcoal and removal with 
acid alcohol. It is soluble in water and in- 
soluble in organic solvents. It is heat-stable 
and resistant to attack by micro-organisms. 
It is active against various gram-positive 
and gram-negative bacteria and against 
acid-fast bacteria, but not fungi. It is not 
very toxic and is used extensively in the 
treatment of numerous infections caused by 
gram-negative and penicillin-resistant gram- 
positive bacteria as well as upon tuber- 
culosis. It allows ready development of 
resistance among sensitive bacteria. 

Streptothricin. Strep to thricin is produced 
by certain strains of 6". lavendulae. It possesses 
similar properties to streptomycin but it is 
niore toxic to animals. It is not active 
against various bacteria sensitive to strepto- 
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mycin {B. mycoides, B. cereus, S. marcescens) 
and it is active against fungi. 

Chloromycetin. Chloromycetin contains 
organic chlorine in its molecule. It is pro- 
duced by S. venezuelae. It is insoluble in 
water but soluble in organic solvents. It is 
active against various bacteria, against 
rickettsiae and against the larger viruses. 

Aureomycin. Aureomycin is produced by 
S. aureofaciens. It is water-soluble, not very 
toxic, active against various gram-positive 
and gram-negative bacteria and rickettsiae; 
it can be administered by mouth. It is not 
very stable, especially in the presence of 
certain organic compounds. 

Neomycin. Neomycin is produced by an 
organism closely related to S. Jradiae. It is 
water-soluble and stable. It is active against 
various bacteria, including mycobacteria 
and streptomycin-resistant organisms. It is 
not active against fungi. 

Actidione and Streptocin. These antibiotics, 
produced by various strains of .S’, griseus, are 
soluble in organic solvents. The first is pri- 
marily active against yeasts and fungi, the 
second is active against gram-positive bac- 
teria and certain trichomonads. 

PRODUCTION OF ANTIBIOTIC-LIKE SUBSTANCES 
BY PLANTS (PHYTONCIDES) 

Various green plants were found to pro- 
duce chemical compounds which have anti- 
bacterial properties similar to those of 
typical antibiotics. Some of these have been 
isolated and studied in detail. It is sufficient 
to mention allicin, a colorless oil, produced 
by Allium sativum; cassic acid produced by 
Cassia reticulata; crepin produced by Crepis 
taraxacijolia; pinosylvin produced by Pinus 
sylvestris; protoanemonin produced by Anem- 
one pulsatilla and tomatin produced by the 
common tomato plant. They vary greatly 
in chemical composition; some are simple 
compounds, containing C, H and O; others 
also contain N or S. They vary in their 
activity upon micro-organisms and in their 
toxicity to animals. Certain lichens, such as 
Spanish moss, also produce antibiotic-like 
materials, some of which, like usnic acid, arc 
highly active upon the tubercle bacilli. 
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So far none of these plant products has 
found wide application in chemotherapy. 
It is of interest to mention the fact that 
quinine, a plant product, still represents an 
outstanding agent for the control of an 
important human infection, malaria. 

PRODUCTION OF ANTIBIOTIC-LIKE SUBSTANCES 
BY ANIMALS 

Animals also produce a number of sub- 
stances which are characterized by anti- 
microbial properties similar to those of true 
antibiotics. One need only mention lyso- 
zyme, found in saliva, in eggs, in tears and 
in various mammalian tissues; erythrin, 
found in red blood cells; lactenin, present 
in milk and active upon lactic-acid bacteria; 
certain excreta of worms and - certain 
protozoa. 

Lysoz^Tne, perhaps the best known of the 
animal products, is a polypeptide and 
brings about the lysis of a variety of bac- 
teria, notably micrococci. It is water-soluble 
and is precipitated by various organic 
compounds. 

None of these antibiotics have found prac- 
tical application. Their role of protective 
mechanisms of animals against bacterial 
infections is still to be established. 

ANTIBIOTICS AND DISEASE CONTROL 

Only ver)’- few antibiotics have found 
practical application in the treatment of 
generalized or special bacterial infections 
or infections caused by other micro-organ- 
isms. The most important chemotherapeutic 
agents are the penicillins and streptomycin. 
T)Tothricin is used in the treatment of 
localized infections. Bacitracin, pobmiixin, 
aureomycin and chloromycetin appear to 
offer definite promise either as supplements 
or as independent chemotherapeutic agents. 
Penicillin, UTOthricin and bacitracin are 
active largely against gram-positive bac- 
teria, whereas streptomycin, aureomycin 
and polymyxin are active against both gram- 
positive and gram-negative bacteria as well 
as against acid-fast bacteria. Aureomycin 
and chloromycetin are active against rickett- 
siae and some of the larger viruses. Strepto- 


thricin is active against fungi. Penicillin is 
highly effective against spirochaetes. Al- 
though similar in certain respects, these 
antibiotics possess distinct and characteristic 
antimicrobial spectra; they differ in chemi- 
cal composition, in their mode of action on 
disease-producing and other bacteria and 
in their effects upon the cells and tissues of 
the host. 

On the basis of available clinical informa- 
tion, utilization of antibiotics in the treat- 
ment of various infectious diseases can be 
summarized as follows, the diseases being 
grouped in several distinct categories; 

Diseases Caused by Gram-positive Bacteria ani 
Certain Gram-negative Cocci. The organisms 
causing these diseases are among the most 
sensitive to various antibiotics. The peni- 
cillins have found extensive application in 
treatment of these diseases. Bacitracin has 
the capacity of attacking some of these 
infections in a highly efficient manner. The 
tyrothricin complex has found application 
in treating wound infections. Bacteria made 
resistant to penicillin or strains naturally 
resistant to this antibiotic may still be 
sensitive to some of the other antibiotics, 
notably, bacitracin and streptomycin. 

Diseases Caused by Gram-negative Bacteria. 
These bacteria, for the most part, are resist- 
ant to penicillin and to bacitracin but they 
are sensitive to several other antibiotics. 
One of these, streptomycin, has already 
found extensive application in the treatment 
of diseases caused by these organisms. 
Polymixin and aureomycin are other prom- 
ising agents. The possibility of utilizing the 
synergistic action of two antibiotics, or of an 
antibiotic such as streptomycin with a 
synthetic agent such as sulfadiazine, offen 
promise of meeting the danger of rapi 
development of resistance of some of t c 
bacteria to streptomycin; this has been done 
successfully in tlie treatment of certain 
forms of brucellosis and in certain other 
infections. 

Diseases Caused by Mycobacteria. Because 
of their peculiar characteristics, diseases 
caused by acid-fast bacteria have prove to 
the most resistant to chemo 
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therapy. M. tuberculosis, despite its high 
sensitivity to many antibiotics in vitro, can 
be attacked in the body only in a manner 
which involves selective tissue penetration 
and selective interference with the metab- 
olism of these bacteria. The discovery that 
streptomycin can be utilized in the treat- 
ment of tuberculosis has provided a great 
stimulus in the search for new antibiotics 
that possess similar properties. This has 
given hope that the control of this highly 
important group of diseases is finally within 
our reach. The fact that streptomycin is not 
alone in this respect is indicated by the 
latent potentialities of a number of other 
antibiotics, such as neomycin, aureomycin, 
streptothricin, subtilin, nisin, clitocybin and 
pyolipic acid. The possible development of 
strains of M. tuberculosis resistant to strepto- 
mycin suggested the supplementary use of a 
synergistic agent, such as promin or other 
sulfones and para-aminosalicylic acid. 

Spirochaetal Diseases. Several antibiotics, 
notably penicillin, have a remarkable effect 
upon diseases caused by spirochaetes. Use 
of penicillin in treatment of these infections 
gradually appears to be superseding the 
methods of treatment current before the 
advent of antibiotic therapy. 

Rickettsial Diseases. A number of anti- 
biotics are highly effective upon rickettsiae. 
The discovery of Chloromycetin and aureo- 
mycin promises the final solution of the 
successful treatment of these diseases. Al- 
though no agent has yet been discovered 
which can be used successfully against such 
important diseases as the common cold or 
similar viruses, some of the larger viruses, 
such as psittacosis, lymphogranuloma and 
virus pneumonia, are sensitive to several 
antibiotics. 

Fungus Diseases. A number of antibiotics, 
namely, hemipyocyanin, gliotoxin, clavacin, 
streptothricin, actidione and antimycin, are 
known to possess marked fungistatic and 
fungicidal properties. Undoubtedly one or 
more of these will in time find application 
in the control of some of the diseases caused 
by fungi, including both animal and plant 
diseases 
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Other Diseases. There are a large number 
of other infections, such as those caused by 
foreign cells, namely, tumors, for which no 
effective antibiotic is known at present. 
Although certain bacteria, fungi {A. fumi- 
gatus) and pi'otozoa are known to be capable 
of attacking tumors, no successful chemo- 
therapeutic agents have so far been found 
among the antibiotics. 

Protozoan Diseases. Various protozoa ca- 
pable of causing human infections are also 
subject to attack by antibiotics, as in the 
action of streptocin upon trichomonads, the 
therapeutic significance of which is still to 
be established. 

Antibiotics have also found extensive 
application in the treatment of various 
animal diseases and of certain plant diseases. 

MODE OF ACTION OF ANTIBIOTICS AND 
DEVELOPMENT OF RESISTANCE 

The antimicrobial action of antibiotics is 
said to be primarily growth-inhibiting in 
nature, by interfering with cell growth and 
cell multiplication; the cell is thus made 
unable to grow and divide and it gradually 
dies. Antibiotics also possess marked bac- 
tericidal properties. The nature of the 
antibiotic, age of the bacterial cell, com- 
position of the medium in which the organ- 
ism grows, environmental factors of growth, 
all influence the effect of a given antibiotic 
upon bacteria. Most of the theories pro- 
posed to explain the mechanism of bacterio- 
static and bactericidal activities of antibiotics 
are largely speculative in nature, due to in- 
sufficient experimental evidence submitted 
for their substantiation. Among these theories 
the following deserve consideration: 

1. Antibiotics interfere with some of the 
metabolic processes of the bacterial cell by 
substituting for one of its essential nutrients. 
Substances that are structurally related to 
the normal cell nutrients may thus exert a 
specific inhibitory effect. These substances 
are taken up by the cell and cause blocking 
of the natural processes of growth. They 
also may interfere with utilization of the 
intermediary metabolic products. Strepto- 
mycin has been found, for example, to ha\'c 
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penicillin, its biochemical reactions were 
lost, the cells becoming pleomorphic and 
gram-negative. When the organism was 
made resistant to streptomycin, its char- 
acteristic biochemical reactions were also 
suppressed but there was no noticeable 
change in its morphology. 

Various explanations have been suggested 
for the development of resistance. These 
may be summarized as follows: (1) Sensitive 
cells in a given bacterial population are 
killed thereby enabling the more resistant 
cells to grow selectively. (2) More resistant 
mutants are formed in a sensitive population 
of bacteria. (3) Acquisition of new enzyme 
systems or new metabolic activities permit 
the organism to survive in spite of the 
presence of the particular growth-inhibiting 
agent. Demerec reported that resistance of 
S. aureus to penicillin originates through a 
mutation mechanism and that the anti- 
biotic acts as a selective agent to eliminate 
the non-resistant members of the bacterial 
population; the degree' of resistance can be 
increased by selection, this increase being 
more rapid with each selection step. 

In the development of resistance by bac- 
teria to streptomycin, bacteria were found 
to produce two types of variants: One 
appears in small numbers in all concentra- 
tions of the antibiotic; it gives rise to cultures 
which grow both in streptomycin-free and 
in streptomycin-containing media, its viru- 
lence for animals being similar to that of the 
original strain. The second appears in 
greatest numbers in concentrations of strep- 


tomycin between 100 and 400 Mg/mi.; this 
type becomes dependent upon the presence 
of streptomycin in the medium; it does not 
grow in media containing less than 5 Mg/ml. 
streptomycin and it is non-virulent unless 
the animal receives streptomycin. 

Various cultures of bacteria are thus 
found to produce both “resistant” and 
“dependent” variants. The critical concen- 
trations of streptomycin above which the 
sensitive strains do not grow are about the 
same as those below which the dependent 
variants do not grow. These results tend to 
confirm the concept that antibacterial 
agents act as metabolite antagonists, strep- 
tomycin interfering with some essential met- 
abolite or metabolic process of the sensitive 
strains and serving as a metabolite or growth 
factor for the dependent strain. This relation 
can be reversible for the dependent strains, 
but it is permanent in the case of the resist- 
ant strains. 
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The Adrenal Cortex 

T hese are stenotyped reports of Combined Staff Clinics of the College of Physicians and 
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treatment, are conducted under the auspices of the Department of Medicine. The reports 
are edited by Dr. Frederick K. Heath. 


Dr. Robert F. Loeb: Today we are 
going to review briefly the functions of the 
adrenal cortex as represented by two dis- 
orders which occur in man. In one of these, 
Addison’s disease, we deal with hypo- 
function; in the other, Cushing’s syn- 
drome, we observe certain manifestations 
of hyperfunction. 

Before embarking on the subject of the 
clinic, however, I should like to say a few 
words concerning the role of the endocrine 
glands in general. The activities of these 
structures, as demonstrated either by ex- 
tirpation or by exhibition of their active 
principles, are quite extraordinary but it 
should not be forgotten that they play a 
role secondary to the intrinsic functions of 
the body cells. Life may go on in the 
absence of any one of the endocrine struc- 
tures. Thus, total hypophysectomy is com- 
patible with existence. Removal of the 
parath)Toids does not lead to death, pro- 
vided a source of calcium is made available. 
Total ablation of the thyroid does not result 
in death. Total destruction of the islands of 
Langerhans is compatible with existence; 
and indeed if accompanied by hypophy- 
sectomy or adrenalectomy, the diabetes is 
ameliorated. Total removal of the adrenal 
glands is compatible with existence if a 
proper e.xtcrnal environment is provided 
for the tissues by maintenance of an ade- 
quate circulation through the administra- 
tion of salt and water. Castration, of course, 
is compatible with maintenance of life. In 
other words, the organism as a whole can 
carr)" on the functions of oxidation, growth 
and cell division without any endocrine 
system. Perhaps it is best to consider the 


endocrine glands as structures which are 
extraordinarily useful in meeting the exi- 
gencies of a complex society of cells; their 
function primarily is not to initiate the 
fundamental processes of metabolism but 
to expedite them, particularly under con- 
ditions of stress. 

We might now turn directly to the subject 
of the discussion. I am going to outline for 
you some of the milestones in the history 
of the development of our knowledge in this 
field. The first observation of importance 
concerning the adrenal glands was made 
by Thomas Addison in 1849, and in 1855 
he published his memorable monograph on 
“The Constitutional and Local Effects of 
Diseases of the Suprarenal Capsules” in 
which he pointed out that total destruction 
of these structures leads to death. The 
next year Brown-Sequard established the 
fact that bilateral ablation of the adrenal 
glands in animals resulted in death in the 
course of a few days. Perhaps the next 
important step was Abel’s isolation of 
epinephrine from the adrenal medulla. It 
soon turned out that after ablation of the 
adrenal glands epinephrine per se would not 
maintain life; therefore, the essential vital 
functions, apparently lay within the cells 
of the cortex. In 1909 Porges demonstrated 
the development of hypoglycemia in ani- 
mals as well as in man following either 
extirpation or destruction of the adrenal 
glands. In 1916 E. K. Marshall first sug- 
gested that there might be a relation 
between the adrenal cortex and the kidney, 
because he observed that nitrogen retention 
and decrease in urine excretion followed 
bilateral adrenalectomy. Of course, this 
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was not evidence of a direct relationship 
but merely indicated the presence of severe 
shock with associated disturbances in renal 
function. 

Around 1930 three groups of investigators 
prepared the first extracts of the adrenal 


lOl 

tients with Addisonian crises. It was shown 
also that this fall in serum sodium, as 
well as the abnormal elevation of serum 
potassium and urea nitrogen, could be 
alleviated by administration of sodium 
chloride and restoration of the serum 


Table i 


SOME CLINICAL AND LABORATORY CHARACTERISTICS OF ADRENAL CORTICAL ACTIVITY 
Hypoadrenalism Hyperadrenalism (Cushing’s Syndrome) 

Electrolyte and water metabolism 

Weakness, nausea, vomiting, hypotension, dehydration. Frequent high sodium and low potassium 

reduced blood volume, shock and death; sodium loss ac- Hypertension 

companied by cliloride or bicarbonate loss, potassium 

retention, nitrogen retention, decreased ammonia 

excretion 


Carbohydrate and protein metabolism 


Weakness, C.N.S. symptoms, hypoglycemia, increased 
susceptibility to stress (alarm reaction); insulin sensi- 
tivity; ? decreased glyconeogenesis; ? increased carbo- 
hydrate utilization; decrease in urinary corticoids and 
17-ketosteroids 


Diabetes mellitus, insulin resistance, skeletal demineral- 
ization, capillary fragility, “plethoric appearance,” 
changes in body form and skin, weakness; increase in 
urinary corticoids, occasional increase in 17-ketosteroids 


? Electrolyte relationship 


Not significantly disturbed 


Lymphoid hyperplasia 
Relation to protein metabolism 


Pigmentation 

Sex function 

Amenorrhea 

Immunity 

Depression of eosinophiles 
Lymphoid hypoplasia 

Jlervous system imtabilily 


Mecholyl sensitivity and vagal death 

cortex which had some measure of physi- 
ologic activity. These groups were headed 
by Swingle and PfifFner, Rogoff and Hart- 
man. The next important advance was in 
isolation of the active adrenal cortical 
steroids and, as you know, there have been 
three outstanding contributors to this field, 
Reichstein in Switzerland and E. G. Ken- 
dall and Wintersteiner in this country. 
After these studies had been made progress 
became more rapid and the significant 
advances in our knowledge have become 
too numerous recently for detailed discussion 
at this time. 

It was first demonstrated in this hospital 
in 1932 that there is a decrease in sodium 
concentration in the blood plasma in pa- 


Emotional instability 

sodium concentration. The clinical mani- 
festations of weakness, nausea, vomiting, 
arterial hypotension and collapse could be 
initiated by withdrawal of salt from the diet 
and could be dispelled by the administration 
of salt and water even without eortical 
extract. Finally, it was shown that the 
water and electrolyte changes, at least in 
part, resulted from an increased loss of 
sodium and water with retention of potas- 
sium by the kidney. Accumulating evidence 
supports this view that the electrolyte dis- 
turbances result primarily from a loss of 
control of renal tubular epithelium normally 
exerted by the adrenal cortex. 

The importance of loss of salt is demon- 
strable by the fact that, as indicated before, 
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life will go on for long periods of time in the 
absence of the adrenal glands in the dog, 
rat, indeed in man when adequate salt and 
water are provided. Harrop and also Allers 
kept totally adrenalectomized dogs alive 
six months by forced feeding of sodium 
chloride and the administration of water. 

Loss of sodium from the body is accom- 
panied by a loss of chloride or bicarbonate, 
or both. Also, as sodium, chloride and bi- 
carbonate are lost from the blood and 
interstitial fluid, and in the absence of a 
corresponding loss of potassium, Muntwyler 
and also Darrow showed that there is a 
shift of water to the cells, presumably to 
compensate for a potential osmotic dis- 
turbance. There is another change perhaps 
to be classified as an electrolyte disturbance, 
a decrease in ammonia excretion. It is not 
wholly established yet whether this decrease 
is due primarily to a failure of elaboration 
of arnmonia in the kidney in acute adrenal 
insufficiency or whether it is in some way 
related perhaps to anoxic changes of the 
kidney from decreased blood flow. 

Turning now to the known adrenal 
cortical steroids and their physiologic effects, 
approximately thirty different steroids, all 
containing the so-called cyclopentanoper- 
hydrophenanthrene nucleus, have been 
isolated from the adrenals. (Fig. 1 .) They 
may be classified chemically as follows: 
(1) Steroids of the C 21 pregnane group, 
containing 21 carbon atoms of which 17 
comprise the cyclopentanoperhydrophenan- 
threne nucleus, 2 represent methyl groups 
attached to C-10 and C-13 respectively, and 
2 represent the side chain at C-17. These 
have either 2,3,4 or 5 oxygen atoms and in- 
clude 17-hydroxycorticosterone (Compound 
F), 17-hydroxy-l 1 -dehydrocorticosterone 
(Compound E), 11 -dehydrocorticosterone 
(Compound A), corticosterone, desoxycorti- 
costerone and progesterone. (2) The C 19 
ctiocholane group, containing 19 carbon 
atoms (no side chain at C-17). These include 
androstane-ll-diol-17-one and andrenoster- 
one. (3) Phenols-estrone. 

The relation between the structure of the 
different steroids and their physiologic 


activity is of interest. The steroids isolated 
from the adrenals may be classified in this 
respect as follows: ( 1 ) Steroids which affect 
salt and water metabolism; ( 2 ) steroids 
which affect carbohydrate and protein 
metabolism; (3) steroids which are defi- 
nitely androgenic; (4) steroids which are 
definitely estrogenic; (5) steroids which are 
progestational in their activity and ( 6 ) the 
inactive steroids, those which as far as we 
know have no physiologic activity at all. 

Desoxycorticosterone is distinguished by 
its striking effects on salt and water me- 
tabolism. The steroids with an oxygen at 
C-11, on the other hand, have significant 
effects on carbohydrate and protein metab- 
olism (Fig. 1); those 1 1 -oxysteroids possess- 
ing in addition an hydroxy group at C-17 
have an even more striking effect, particu- 
larly 1 1 -dehydro-1 7-hydroxycorticosterone, 
known as Compound E of Kendall. About 
equal in potency is 1 7-hydroxycorticosterone 
(Kendall Compound F). Next down the 
scale of activity is corticosterone, which has 
an hydroxy group on C-1 1 but no C-17 hy- 
droxy group. Still less active is 11 -dehy- 
drocorticosterone (Kendall Compound A) 
which still has some carbohydrate and 
protein effects readily demonstrable in small 
animals and also (in the experience of Drs. 
Thorn, Perera, Kepler and others) slight 
salt and water effects in man. Desoxycortico- 
sterone, which has neither an oxygen at 
C-11 nor an hydroxy group at C-17 has, as 
I said, an insignificant effect on carbo- 
hydrate and protein metabolism but ex- 
hibits striking effects on the reabsorption of 
sodium by the renal tubules and augmenta- 
tion of potassium excretion. 

I have asked Dr. Knowlton to talk to us 
at greater length on the subject of the 
participation of the adrenals in carbohy'- 
drate and protein metabolism. 

Dr. Abbie I. Knowlton: Dr. Locb has 
told you that as long ago as 1909 Porges 
reported the occurrence of hypoglycemia 
in adrenalectomized animals. Although 
this observation was made forty years ago, 
the influence of the adrenals upon carbohy- 
drate metabolism is still under investigation. 
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The problem has presented considerable 
difficulty largely because many changes 
ensue following adrenalectomy, particu- 
larly those resulting from abnormal electro- 
lyte balance, which may indirectly affect 
carbohydrate and protein metabolism. To 
separate these “non-specific” changes from 
those which may be termed “specific” has 
required careful study. It has required, 
further, studies on experimentally adrenal- 
ectomized animals in which the electrolyte 
disturbances have been corrected. Fortu- 
nately, at least in the rat, mouse and dog, 
this can be achieved by the liberal use of 
sodium chloride without resort to adrenal 
hormone substitution therapy. Ingle has 
emphasized the importance of such studies 
and in a recent review^ gave the following 
three examples in which “non-specific” 
changes may reflect upon carbohydrate and 
protein metabolism. 

First of all, the animal without its ad- 
renals, unless treated, eats less than tlie 
normal animal. This may follow in large 
part from changes in electrolyte balance 
which result in dehydration, nausea and fre- 
quently vomiting. Secondly, these changes 
may affect absorption. In studies on the 
absorption of carbohydrate from the intes- 
tinal lumen, Wilbrandt and Lengyel work- 
ing in Verzar’s laboratory originally claimed 
that the adrenal cortex had an accelerating 
effect upon the phosphorylating processes 
in the gut. They demonstrated a markedly 
reduced rate of glucose absorption from the 
gut in adrenalectomized animals. However, 
subsequent workers have shown that if the 
animal is maintained on adequate amounts 
of sodium chloride and water, absorption 
of sugar proceeds at a quite normal rate. 
Thirdly, in 1940 Long, Katzin and Fry- 
pointed out that hypoglycemia and reduc- 
tion in liver glycogen content did not occur 
in adrenalectomized rats and mice if the 

* Ingle, D. J. The Physiological Action of the Adrenal 
Hormones. The Chemistry’ and Physiologj’ of Hormones. 
Pp. 83-103, 211-243. Washington, D. C., 1944. The 
American Association for the Advancement of Science. 

- Long, C. N. H., K.\TztN, B. and Fry, E. G. The 
adrenal cortex and carbohydrate metabolism. Endo- 
crir.nlogy, 26: 309, 1940. 


animals were given access to food and salt, 
and that it is only under the stress of fasting 
that these abnormalities developed. 

So much for the “non-specific” changes 
in carbohydrate metabolism seen after 
adrenalectomy. Let us consider now the 
evidences for a more specific action of the 
adrenal cortex upon these phases of metab- 
olism, It was Long and Lukens who first 
demonstrated in 1934 that the insulin re- 
quirement of a diabetic dog was much 
reduced following adrenalectomy. Six years 
later Long et al.- showed in similar experi- 
ments upon diabetic rats that adrenalectomy 
resulted in a disappearance in glycosuria 
although once the animals continued to 
gain weight this could not be attributed to 
non-specific effects resulting from altered 
food intake or electrolyte imbalance. In 
addition they reported that the administra- 
tion of adrenal cortical extracts led to a 
reappearance of urine sugar. These in- 
vestigators and Wells and Kendall per- 
formed similar studies using single cortical 
steroids and, as Dr. Loeb has told you, 
found that the C 21 steroids which possess an 
oxygen atom in the 11 position (Fig. 1) all 
exhibit an effect upon carbohydrate me- 
tabolism. Of these Compound E of Kendall 
appears to be the most active and with 
daily injections of this steroid Ingle in 1941 
reported the induction of glycosuria in 
normal force-fed rats. In diabetic Addison- 
ians Thorn and Clinton^ and Sprague 
and Keppler'* both found that the use of 
Compound E resulted in increased glyco- 
suria; however, in non-diabetic patients 
with Addison’s disease Sprague et al. 
and Perera et al.® have found disappoint- 

5 Thorn, G. W. and Clinton, M., Jr. Metabolic 
changes in a patient with Addison’s disease following 
the onset of diabetes. Jf. Clin. Endocrinol., 3: 335, 1943. 

* Sprague, R. G., Kepler, E. J., Keating, F. tt-i J’'- 
and Power, M. H. Coe.xisting Addison’s disease and 
diabetes mellitus: comparative effects of Compound E 
(17-hydroxy-ll-dehydrocorticostcronc) and allied sub- 
stances in 3 cases. J. Clin. Investigation, 26: 1198, 1947. 

^ Sprague, R. G., Gastineau, C. F., Mason, H. L. 
and Power, M. H. Effects of synthetic ll-dehydro- 
corticostcronc (Compound A) in a subject with Addison s 
disease. Am. J. Med., 4: 175, 1948. 

® Perera, G. A., Pines, K. L., Hamilton, H- B. and 
VisLOCKY, K. Am. J. Med., It 56, 1949. 

a M E R I C a .N JOURNAL OF MEDICINE 



Combined Staff Clinics 


ingly little evidence of an alteration in 
carbohydrate metabolism. This may be 
said also for the use of whole adrenal ex- 
tracts which in adrenal insuff ciency in man 
produce no quantitatively significant effect 
upon fasting blood sugar or glucose toler- 
ance curves. Since such extracts have an 
unequivocal effect in small animals, this 
lack of effect in the human may be a 
matter of dosage. 

Within the last two years further evidence 
of the influence of the adrenals upon 
carbohydrate metabolism has been ob- 
tained with the use of the adrenal stimulating 
hormone of the pituitary — adrenocortico- 
trophic hormone (ACTH). In studies on 
normal humans receiving this substance, 
Mason et af^ reported increased insulin 
resistance, For sham et al.® demonstrated 
some impairment of glucose tolerance, and 
Conn, Louis and Wheeler® and also Mc- 
Alphine et al.^® observed a heavy glycosuria. 

As to the source of the increased carbo- 
hydrate which was observed following the 
injection of adrenal cortical extracts, Long 
et al. postulated that this was derived by 
gluconeogenesis from protein catabolism. 
However, these authors also observed that 
a decreased proportion of glucose was being 
oxidized and this now is considered the more 
important action. Ingle has shown that the 
glycosuria which occurs during the adminis- 
tration of Compound E is far in excess of the 
amount which would be expected were it 
derived from the breakdown of protein. 
Similarly, in humans receiving ACTH Conn 

’ Mason, H. L., Power, M. H., Rynearson, E. A., 
CiaramelEi, L. C., LI; C. H. and Evans, H. M. Results 
of administration of anterior pituitary adrenocortico- 
tropic hormone to a normal human subject. Clin. 
Endocrinol., 8; 1, 1948. 

* Forsham, P. H., Thorn, G. W., Prunty, F. T. G. 
and Hills, A. G. Clinical studies with pituitary adreno- 
corticotropin. J. Cltn. Endocrinol., 8:15, 1948. 

® Conn, J. W., Louis, L. H. and Wheeler, C. E. 
Production of temporary diabetes mellitus in man with 
pituitary adrenocorticotropic hormone; relation to uric 
acid metabolism. J. Lab. <2? Clin. Med., 33; 651, 1948. 

’“McAlphine, H. T., Venning, E. H., Johnson, L., 
ScHENKER, V., Hoffman, M. M. and Browne, J. S. L. 
Metabolic changes following the administration of 
pituitary adrenocorticotrophic hormone (ACTH) to 
normal humans. _J. Clin. Endocrinol ., 8; 591, 1948. 
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has observed significant glycosuria in the 
absence of a negative nitrogen balance. To 
explain such observations Ingle has postu- 
lated that the adrenal cortical hormones 
decrease carbohydrate utilization. An argu- 
ment in favor of decreased utilization is the 
extraordinary resistance of Compound E- 
treated rats to insulin (up to 1,000 units 
without control of glycosuria). Similarly, 
Conn has reported the administration of 
100 units of insulin to a normal patient 
receiving ACTH without control of the 
hormone-induced glycosuria. TheSe findings 
are in accord, too, with the work of Cori^^ 
who has shown, in vitro, that adrenal cortical 
extract in the presence of anterior pituitary 
extract has an inhibitory effect on the 
initial step of glucose utilization, i.e., the 
conversion of glucose to glucose-6-phos- 
phate, the step which involves the enz^one 
hexokinase. Insulin in this in vitro system 
acts to release the inhibition produced by 
these hormones. 

As to the effect of the adrenals upon 
protein metabolism, I have already men- 
tioned Long’s contention that the C-11 
oxysteroids increase the breakdown of ' 
protein and its conversion to carbohydrate. 
Dougherty and his group have shown that 
following injections of adrenocorticotrophic 
extracts a marked dissolution of certain 
body proteins, i.e., lymphoid tissue occurs. 
More recently Forsham et al. have pointed 
out a striking fall in circulating eosinophiles 
following the injection of adrenal hormones 
of the C-11 oxy steroid group or of ACTH. 

Studies of these hormones have shown 
that they cause inhibition of growth in 
immature animals and may actually cause 
a loss of weight in adult animals. This could 
in part be considered the result of reciprocal 
action of these hormones on the pituitary 
gland causing depression of activity. How- 
ever, Marx, Simpson and Evans in 1943 
reported that ACTH counteracted the 
effects of growth hormone in hypophy- 
sectomized rats. 

“ CoRi, C. F. Enzymatic reactions in carbohydrate 
metabolism. Harv’cy Lectures. Scries xli, p. 253, 1945- 
46. 
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It cannot be said that the adrenal cortex 
is essential for protein breakdown or for its 
conversion to sugar. Wells and Kendall in 
1940 reported that phlorhizinized adrenal- 
ectomized rats fed casein were able to 
metabolize this protein and excrete amounts 
of glucose and nitrogen quite comparable 
to those excreted by similarly treated rats 
with intact adrenals. This is a further 
argument against the view that the adrenals 
have a major action on deamination of 
protein or on its conversion to glucose. 
More recently Ingle and Oberle have 
reported that following adrenalectomy rats 
excrete nitrogen in amounts comparable to 
sham-operated control animals. 

We might return now to the clinical 
symptoms of hypo- and hyperadrenalism 
listed in Table i. From what has been said, 
we might expect hypoglycemia to occur in 
patients with Addison’s disease, especially 
after periods of decreased food intake. 
Approximately one-third of the patients 
studied in this hospital have symptoms 
referable to hypoglycemia while the majority 
will have occasional blood sugars below 
70 mg. per cent. Frequent feedings or, in 
crises, liberal parenteral glucose remains 
the chief method of combating this dis- 
turbance since little effect upon this phase 
of metabolism has been demonstrated with 
either whole adrenal extracts or single 
steroids in humans. In Cushing’s disease, 
on the other hand, decreased carbohydrate 
tolerance is the rule and frequently frank 
diabetes exists. In these patients assays of 
the urine for material having “corticoid” 
activity have been made and, as might be 
expected, increased amounts are present, 
the reverse being true in Addison’s disease. 
Albright has postulated that the observed 
osteoporosis in Cushing’s disease results 
from an abnormality in protein metabolism. 
Perhaps the increased bruising tendency 
may fit here, too. The change in body form, 
the “moon facies” and increased neck and 
Li, C. H., Simpson, M. E. and Evans, H. M. In- 
fluence of groivth and adrenocorticotropic hormones on 
the body composition of hypophysectomized rats. 
Endocrinology, 44: 71, 1949. 


upper thorax obesity may be related to the 
observation of Li et al.^- that animals re- 
ceiving ACTH show an increased deposition 
of fat in place of protein. 

In recapitulation, I think ^ve can say that 
the adrenals, by virtue of their elaboration 
of C-11 oxysteroids, do have demonstrable 
effects on both carbohydrate and protein 
metabolism. However, I think the point 
which Dr. Loeb mentioned at the beginning, 
that the hormones do not initiate but simply 
facilitate or otherwise alter existing body 
reactions, must be remembered. The ad- 
renalectomized animal can metabolize car- 
bohydrate normally provided it is kept on 
an adequate salt intake and not subjected 
to stress. Likewise, protein turnover can 
proceed in the absence of the adrenals, as 
witness the growth of adrenalectomizcd 
rats maintained on sodium chloride and 
the elaboration of antibodies in the absence 
of adrenal glands (indicating anabolism) 
and, on the other hand, the quite normal 
nitrogen excretion reported by Ingle follow- 
ing adrenalectomy (indicating catabolism). 

Dr. Loeb: In addition to the steroids 
which are concerned with salt retention 
and carbohydrate and protein metabolism, 
some are related very closely to sex hor- 
mones and these will be discussed by Dr. 
Jailer. 

Dr. Joseph W. Jailer: As Dr. Loeb in- 
dicated, about thirty different steroids have 
been isolated from the adrenal cortex so 
that while the adrenal cortex may not be 
the seat of the soul it is certainly the stock- 
pile of the steroids. A number of these show 
estrogenic or androgenic activity. Of the 
17-ketosteroids excreted by normal in- 
dividuals, approximately 60 per cent arc 
of adrenal origin. However we do not 
know what role they play in the normal 
individual. It has been shown that ad- 
renalectomized animals maintained on dcs- 
oxycorticosterone or salt and water may 
show perfectly' normal estrus cycles and if 
maintained in good condition conceive 
and go through pregnancy. In fact, it has 
been shown that in some species it is easier 
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to maintain a pregnant adrenalectomized 
animal than an adrenalectomized animal 
which is not pregnant. When the animal 
becomes sick, the estrus cycles cease and 
the animal shows evidence of either estrogen 
or androgen withdrawal. In tlie female 
Addisonian patient menstrual periods occur 
normally so long as the patient remains 
generally well. In fact, we have in our 
records at the Presbyterian Hospital six 
pregnancies in patients with Addison’s 
disease. 

In the so-called Gushing syndrome the 
bulk of the adrenal steroids excreted in the 
ui'ine are of the 1 1 -oxygenated cortico- 
steroid group. Occasionally, however, there 
may be increased excretion of the 17- 
ketosteroids, which have been isolated by 
several workers. Mason and Keppler at the 
Mayo Foundation have shown that although 
no physiologic manifestations of hyper- 
androgenism develop, androgens are found 
in the urine. It is in another adrenal syn- 
drome, the so-called adrenogenital syn- 
drome, however, that a marked increase in 
the excretion of 17-ketosteroids occurs. We 
can quote two examples from our own 
cases. There were two patients at the 
Babies Hospital quite recently, one child 
of six and one-half years and the other 
about seven years, ages in whieh approxi- 
mately 2 mg. or so of 17-ketosteroids 
ordinarily are excreted daily; one excreted 
175 mg. and the other 189 mg. of 17-keto- 
steroids. Both had adrenal tumors verified 
at operation. 

Dr. Loeb: I think it important to em- 
phasize that adrenal cortical extract as 
prepared from adrenal glands does not give 
rise in animals to manifestations of the 
adrenogenital syndrome but when given in 
excess will produce many manifestations 
that one encounters in Gushing’s syndrome. 
Thus we have some evidence to indicate that 
many of the manifestations of Cushing s 
syndrome of adrenal origin result from 
excessive elaboration of normal steroids 
whereas, as Dr. Jailer has intimated, the 
steroids which are elaborated in patients 
with the adrenogenital syndrome are, per- 
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haps, either qualitatively or quantitatively 
different. We know that abnormal steroids 
are excreted in the urine of some patients, in 
others the “^target” organ is perhaps more 
sensitive to normal steroids with estrogenic 
or androgenic activity. This is a very inade- 
quate discussion of the subject but we can- 
not cover the entire field in the time allotted. 

Student: What are cortieoids? 

Dr. Jailer: The term “cortieoids” refers 
to substances of undefined chemical structure 
(some doubtless steroids) which are present 
in the urine and exhibit biologic activity 
similar to that of certain cortical steroids. 
They are capable of increasing glycogen 
storage in young adrenalectomized rats 
and are protective upon exposure to cold, 
in the manner of adrenal cortical extract. 
Increased amounts of cortieoids appear in 
the urine of subjects exposed to various 
kinds of stress and in the urine of patients 
with Gushing’s syndrome. 

Student: Would you comment on the 
effects of Gompound E and AGTH in 
rheumatoid arthritis and acute rheumatic 
fever? 

Dr. Loeb: Nothing now known about the 
metabolic effects of these substances would 
account for the striking temporary remis- 
sions they produce in rheumatoid arthritis 
and rheumatic fever. This is, for the present, 
a completely obscure phase of the role of the 
adrenal glands. 

We now come to another uncertain 
chapter, namely, that concerning pig- 
mentation. Pigmentation frequently is a 
prominent feature in the Addisonian pa- 
tient, but there are a certain number of 
patients with total destruction of the 
adrenal glands who never develop pig- 
mentation. It has been my impression that 
those who never dei^elop pigmentation arc 
the red-haired individuals who, perhaps, 
have not the cells in their skin which arc 
capable of elaborating pigment normally. 
Dr. Gross might comment on this. 

Dr. Richard J. Cross: The chief work 
in this field has been done by Ralli and 
her co-workers who became interested in 
reports of changes in pigmentation of 
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animals following adrenalectomy. They 
proceeded to study this phenomenon in 
pantothenic acid-deficient rats. As you 
know, the hair of black or brown rats kept 
on diets deficient in this vitamin turns 
gray and grows very poorly. It was found 
that if such rats had their adrenals removed 
a luxuriant growth of pigmented hair 
occurred even though the deficient diet was 
continued. This phenomenon was further 
investigated by chemical analyses of the 
pelts of these rats for the various substances 
known to play a part in melanin formation 
but so far it has not been possible either to 
localize the block present in the pantothenic 
acid-deficient rat or determine how ad- 
renalectomy removes this block. It was 
found that if the adrenalectomized rats 
were maintained on desoxycorticosterone, 
the return of pigmentation did not occur. 
The same was true to a lesser extent when 
adrenal cortical extract was administered. 

It is tempting to conclude from this that 
there is a reciprocal relationship between 
pantothenic acid and desoxycorticosterone 
as far as melanin formation is concerned. 
However, the problem is more complicated 
than this and at present the exact nature 
of the connection between adrenal cortical 
function and pigment metabolism, and to 
the pigmentation of Addison’s disease is 
still not known. 

Dr. Loeb: While it is possible to keep the 
adrenalectomized animal alive by miain- 
taining an adequate circulation, the ad- 
renalectomized dog maintained on salt 
and water can hardly be described as a 
“fighting cock,” and in times of stress the 
animal is wholly incapable of meeting 
physiologic demands. As you know, the 
relation of stress to adrenal cortical activity 
has been given considerable prominence in 
recent years through the studies of Weil 
and Browne, who demonstrated so-called 
corticoids in the urine following stress; and 
particularly by .Selye in Montreal who in- 
troduced the concept of alarm reaction 
and adaptation sjmdrome in relation to 
adrenal cortical activity. I am going to 
ask Dr. Pcrcra to summarize briefly the 


so-called alarm reaction and adaptation 
phenomena as visualized by Selye. 

Dr. George A. Perera: The adrenal 
cortex has long been known to have certain 
emergency functions. These are not only 
related to carbohydrate metabolism and 
hypoglycemia and, as Ingle has shown, to 
the capacity to perform muscular work but 
many investigators have commented on 
the vulnerability of adrenalectomized ani- 
mals to many forms of stress, i.e., cold, 
anoxia, hemorrhage, burns and sensitivity 
to certain drugs such as morphine and 
histamine. Weil and Browne noted that 
following acute infections or after operative 
procedures, materials were excreted in the 
urine which prolonged the survival of 
adrenalectomized rats exposed to cold. It 
has also been observed that after stress of 
many types increased corticoid materials 
are excreted which augment the storage of 
glycogen in the fasted adrenalectomized 
animal. 

The term homeostasis has been given to 
many reactions of adjustment to environ- 
mental change; others applied different 
designations to tliese phenomena; and 
Selye summarized the response to stress 
under the “alarm” reaction. He defined 
this pattern as the “sum of all of the biologi- 
cal phenomena elicited by'^ sudden exposure 
to stimuli to which the organism is quanti- 
tatively or qualitatively not adapted.” 

Selye found, as others had previously 
described in part, that many changes took 
place when the individual or the animal 
was e.xposed to stress. First a shock phase 
appeared during which the following \verc 
among the alterations noted: tachycardia, 
decreased muscle tone, decreased body 
temperature, ulcer formation in the gastro- 
intestinal tract, hemoconcentration, anuria, 
edema, decreased blood chlorides, acidosis, 
a rise in blood sugar followed by'^ a fall, 
leukopenia and then leukocytosis, increased 
liberation of epinephrine, decrease in blood 
clotting time, in fact, almost every' organ 
and sy'stem appeared to be involved. This 
reaction was followed by' a countershock 
phase, during which period there developed 
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enlargement of the adrenal eortex and 
evidence of increased activity of its cells. 
In addition, there was an acute involution 
of the thymus, of lymph nodes and of the 
pancreas. Degranulation of the hypophysis 
was observed, and during the countershock 
phase a reversal of most of the signs and 
symptoms took place that had appeared 
during the shock phase. Following shock 
and countershock a stage of resistance was 
described and then, if the stress was severe 
or prolonged, a final stage of exhaustion. 
!'C1 ;As an outgrowth of these observations 
Selye formulated the concept of a “general 
adaptation syndrome” which he defined as 
the “sum of all non-specific systemic reac- 
tions of the body which ensue upon long 
continued exposure to stress.” He found, 
for example, that removal of the hypophysis 
or the cortex of the adrenals exaggerated 
the shock phase and rendered the counter- 
shock phase negligible or even absent. He 
showed in various animal species that 
stress of many types or the administration 
of large doses of desoxycorticosterone to- 
gether with salt could produce an assort- 
ment of diseases and disorders. Under 
these conditions hypertension might de- 
velop. Lesions appeared which were similar 
to nephrosclerosis, periarteritis nodosa, acute 
rheumatic fever and rheumatoid arthritis. 

From these results Selye postulated a 
group of disorders which he termed “diseases 
of adaptation” and suggested that they may 
arise even in man, due to inability of the 
organism to adjust properly to stress. Be- 
cause of the fact that these disorders could 
not be produced after hypophysectomy or 
adrenalectomy, he developed a scheme to 
the effect that alarm produces certain 
catabolic impulses; these in turn affect the 
hypophysis and the adrenal cortex through 
the adrenocorticotrophic hormone; the ad- 
renals modify carbohydrate metabolism, 
perhaps also the action of the thymus and 
lymphatic system and hence the production 
of antibodies; finally, such disorders as 
hypertension are produced by the effect of 
hormones of the adrenal cortex through a 
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cycle involving the kidneys and renin 
production. 

No one can deny that alarm or stress in 
almost any species causes a major sequence 
of events involving practically every system, 
organ and tissue of the body. On the other 
hand, we must regard the concept of these 
“diseases of adaptation” as interesting but 
highly speculative. Attempts to reproduce 
some of the disturbances described by Selye, 
perhaps under conditions that were not 
quite identical, have not given comparable 
results. It has been pointed out that epine- 
phrine is a potent stimulus to the adrenal 
cortex as demonstrated by the fact that 
there is a decrease in the ascorbic acid and 
cholesterol content of the adrenal cortical 
cells. An increase in corticoids in the ad- 
renal veins was observed by Vogt. It now 
seems probable, as stated by Long and 
Sayers, that the action of epinephrine on 
the adrenal cortex is governed through its 
effect on the hypophysis. 

In conclusion, we must accept the “alarm 
reaction” and the resultant phenomena 
produced; we must admit that in some way 
the hypophysis and the adrenal cortex may 
be concerned in this reaction; but we are 
still obliged to hold reservations regarding 
the concept of “diseases of adaptation.” 
There is abundant evidence indicating 
that the adrenal cortex, although con- 
cerned in the “alarm reaction,” may not 
be essential for all of the signs and symptoms 
which follow stress. 

Dr. Loeb: It is undeniable that the 
adrenal cortex plays a very active part in 
responses to stress. This is demonstrated 
first by the fact that the adrenalectomized 
animal is unable to withstand stress, and 
seeond by the fact that many forms of stress 
are associated with rapid depletion of the 
ascorbic acid content of the adrenal cortex, 
an important component of the adrenal 
cortex, and also with rapid depletion of the 
cholesterol content of the adrenal corte.x 
which presumably is related somehow to 
synthesis of physiologically active steroids 
in the body. I think Dr. Perera and some 
of the rest of us have misgivings concerning 
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the concepts of Selye in that we believe 
that structure and functions other than 
those referable to the adrenal cortex may 
be involved in response to stress such as cold, 
burns, surgical operation, infections, etc. 
Also, the evidence which Selye offers for 
adrenal overactivity as the cause of rheu- 
matic fever, appendicitis, tonsillitis and 
other disorders is not wholly convincing. 

The next aspect of adrenal cortical func- 
tion w'hich 'U'ill be discussed is one which 
has aroused considerable interest and is of 
considerable importance, namely, that of 
the role of the adrenal cortex in infection 
and resistance to infection. At the outset, I 
should like on purely clinical grounds to 
state that I do not subscribe to the thesis 
often propounded that patients with Addi- 
son’s disease are more prone to infection 
than are patients with intact adrenal glands. 
This idea of increased susceptibility proba- 
bly arises from a fact which I think is 
incontrovertible, namely, that the patient 
with Addison’s disease or the adrenalec- 
tomized animal is much less in a position 
to cope with severe infection than is the 
patient or animal with adrenal glands 
intact, but that is a far cry from saying that 
susceptibility to infection is greater in the 
absence of the adrenals. Dr. Eisen is going 
to summarize for us briefly his views con- 
cerning the relationship of the adrenal 
corte.x to antibody^ production and release. 

Dr. Herman N. Eisen: The idea that 
adrenal cortical steroids regulate the pro- 
duction and distribution of antibodies is 
based upon two beliefs: (1) that lymphocytes 
actually' produce antibodies and gamma 
globulin or at least constitute a significant 
reservoir for these proteins, and (2) that 
ly'mphocytes readily' undergo ly'sis upon 
exposure to excessive amounts of adrenal 
cortical steroids, thereby' contributing tlicir 
antibody and gamma globulin content to 
the blood plasma. 

The evidence in support of an adrenal 
cortical influence on fixed and circulating 
ly'inphocytes is well established: The ad- 
ministration of adicnal cortical steroids or 
of adrcnocorticotrophic hormone (.ACTH) 
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causes a pronounced lymphopenia in blood 
and striking fragmentation of tissue ly'mpho- 
cytes witli reduction in the size of lymph 
nodes and thymus. Furthermore, in animals 
and in man adrenal insufficiency is charac- 
terized by blood lymphocytosis and by a 
relative increase in weight of lymph nodes 
and thy'mus. The latter effects, incidentally, 
are commonly but mistakenly referred to as 
lymphoid and thymus hyperplasia. As has 
been shown by Dr. Herbert Stoerk, the 
increase in weight of the thymus in animals 
deprived of their adrenals is merely an 
appro.ximation of the weight attained by 
this tissue in normal animals living under 
optimal conditions, i. e., in adrenalectomizcd 
animals involution of lymphoid tissue is 
reduced to a minimum but no true hy'per- 
plasia exists. It is interesting to note in this 
connection that a similar reduction in 
involution of ly'mphoid tissue (i.e., relative 
“hyperplasia”) occurs in gonadectomized 
animals whose adrenals are intact, indi- 
cating that perhaps gonadal steroids also 
have an effect on lymphocyte dissolution. 

In contradistinction to the foregoing facts, 
the evidence in support of the belief that 
lymphocy'tes actually form or accumulate 
antibodies remains controversial. It has 
been suspected for fifty' years and perhaps 
longer that ly'mph nodes have something to 
do with the formation of antibodies. Few 
if any clear-cut experiments were done, 
however, until about ten years ago when 
McMaster and Hudack performed the 
following experiment: The ears of mice were 
injected several times intradermally', the 
left ear receiving antigen A and the right 
ear receiv'ing antigen B. Eight day's after the 
last injection the serum had anti-A and 
anti-B agglutinins; c.xtracts of those ccr\'ical 
ly'mph nodes which drained the left car had 
relatively' large amounts of anti-A but very 
little anti-B agglutinins, whereas .similar 
extracts of those cervical lymph nodes which 
drained the right car had relatively large 
amounts of anti-B but very' little anti-A 
agglutinins. Amputation of the cars two 
hours after inoculation with antigen did 
not alter the results. This c.xpcrimcnt 
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indicates that the regional lymph nodes 
which drain a skin site that has been 
injected with antigen probably forms anti- 
body. However, as McMaster and Hudack 
pointed out, their results do not indicate 
that lymph nodes are the exclusive or even 
the chief site of antibody formation. And, 
what is more relevant to this discussion, 
their results do not indicate which of the 
several types of cells in the lymph node is 
responsible for antibody production. Sabin’s 
evidence suggests that this process may be 
localized in the large phagocytic macro- 
phages. More recently a number of Scandi- 
navian workers have focused attention upon 
plasma cells as a possible site of antibody 
formation. But from the viewpoint of 
adrenal cortical participation the possible 
role of the lymphocyte is most significant 
since it is specifically these cells that are 
shattered so conspicuously by adrenal corti- 
cal steroids. 

Harris and Ehrich in an extensive series 
of experiments found that following the 
injection of antigen into the hind foot pad 
of rabbits the popliteal lymph nodes drain- 
ing this area became enlarged and exhibited 
considerable lymphocyte hyperplasia. These 
investigators then separated lymphocytes 
from the lymph in the efferent lymphatic 
emerging from these nodes and found that 
extracts of these lymphocytes had antibody 
titers which were about seven times greater 
than that of the lymph from which they had 
been separated. It was concluded that the 
lymphocytes actually formed antibody. The 
conclusion reached was dependent upon 
the validity of the quantitative differences 
observed between lymphocytes and lymph. 
Despite the considerable care exercised in 
these experiments it has not yet been shown 
experimentally that the technics used are 
sufficiently sensitive and accurate to validate 
the conclusions drawn. 

As you are all aware, Dougherty and 
White have recently attempted to demon- 
strate a relationship between adrenal corti- 
cal steroids, lymphocytes and antibodies. 
These workers immunized animals, allowed 
them to rest until serum antibody titers were 
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very low or no longer detectable, then ad- 
ministered AGE or ACTH, or substances 
which provoke increased adrenal cortical 
activity, and in each instance observed, con- 
comitantly with fragmentation or lympho- 
cytes, sharp rises in the serum antibody 
titers. However, a number of more recent 
efforts to extend these results have not con- 
firmed the fact that massive lysis of lympho- 
cytes in immunized animals leads to 
augmentation of serum antibody concen- 
trations. In addition, a number of reports 
in the literature, as well as our own experi- 
ments, indicate that adrenalectomized rats 
and rabbits have, after immunization, 
serum antibody levels that are about the 
same as those of intact control animals 
similarly immunized. Indeed in some of the 
older reports, as well as in a recent publica- 
tion by Murphy and Sturm, adrenal- 
ectomized animals are recorded as having 
antibody levels that are higher than those 
of controls but, since the possibility of 
hemoconcentration in the adrenalecto- 
mized animals had not been considered, 
such reports of elevated titers cannot be 
accepted. In other experiments, a group of 
us have found identical serum antibody and 
7 -globulin concentrations in (1) adrenal- 
ectomized rats which were maintained on 
DCA and NaCI but, lacking other cortical 
steroids, had as a consequence the antici- 
pated large amount of intact lymphoid 
tissue and in (2) similar rats (i.e., adrenal- 
ectomized animals maintained on DCA and 
NaCl) given ACE and having as a result 
considerably reduced amounts of lymphoid 
tissue. These results seemed to indicate that 
extensive lymphocyte dissolution, induced 
by ACE, did not measurably contribute to 
serum antibody and gamma globulin levels. 
The possibility that such a contribution 
might actually have occurred but was 
obscured because ACE simultaneously en- 
hanced the rate of antibody and gamma 
globulin degradation, along with the ca- 
tabolism of other proteins, was considered 
but rejected after it was found that ACE 
had no measurable effect in adrenalecto- 
mized rats on the tuimover of serum 
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proteins as determined tlirough the use of 
hea\^' nitrogen (N’’). 

Since massive lymphocyte dissolution in- 
duced by ricin, ACTH, ACE, etc., does not 
measurably elevate serum antibody levels, 
it appears that lymphocytes are not a 
significant reservoir for antibodies. Further- 
more, the experiments reviewed indicate 
that the adrenal steroids do not exert a 
major influence upon tlie production or the 
distribution of antibody. These negative 
results, however, do not exclude the possi- 
bility that lymphocytes may contain a small 
amount of antibody which, under special 
circumstances that have not yet been 
defined, may be liberated to produce 
detectable augmentation of serum antibody 
concentration. Such a possibility would be 
compatible with the negative evidence 
accumulated above if the antibody content 
of lymphocytes were small relative to the 
total body antibody content. However, in 
this event the influence of the adrenal cortex 
on antibodies would nevertheless remain of 
quite minor significance. 

Student: Dr. Loeb, would you sum- 
marize the principles to be followed in the 
management of Addison’s disease? 

Dr. Loeb: Treatment should be directed 
toward correcting, as far as possible, the 
metabolic defects present. The disturbances 
resulting from defects in water and elec- 
trolyte metabolism are relatively easily 
controlled. The disturbances in carbo- 
hydrate and protein metabolism are less 
amenable to therapy. The effects of stress 
resulting from surgical procedures and 
infection arc still less satisfactorily controlled 
with the result that a number of patients 
continue to succumb rather suddenly even 
when defects in electrolyte and carbo- 
hydrate metabolism arc not apparent. 

A number of patients with documented 
.Addison's disease live and work and main- 
tain relatively good health for many years 
on a regimen of 10 to 20 Gm. of sodium 
chloride daily in addition to the salt in their 
diet. The majority require small doses of 
desoxycorticosteronc in addition to a liberal 
salt intake. In view of the fact that. this 


steroid in therapeutic dosage is believed to 
exert an effect only on electrolyte metabo- 
lism, it is of more than passing interest that 
most patients treated with DCA arc able 
to carry on a relatively normal existence 
and exhibit only occasional hypoglycemic 
episodes. In patients with recurrent symp- 
toms of hypoglycemia little is to be gained 
by the daily injection of cortical extract. 
Indeed, even the 11-oxysteroid Compound 
A of Kendall in doses of 60 mg. daily has an 
inappreciable effect on blood sugar in these 
patients. Furthermore, Compound E of 
Kendall, which has a striking effect on 
glycogen storage in the rat and which 
intensifies diabetes in the human, in doses 
of 80 mg. daily has only a slight effect on 
the blood sugar of the Addisonian. The 
most satisfactory control of hypoglycemia in 
these patients is achieved by frequent feed- 
ings during the day and a feeding at 
bedtime. 

In the treatment of acute crises, infusions 
of saline and glucose supplemented with 
desoxycorticosterone usually re-establish ad- 
renal compensation. In the presence of fever 
or surgical intervention we have gained the 
clinical impression that the injection of 5 cc. 
of hog adrenal “lipo-cxtract” every eight 
hours and transfusion are effective ad- 
juvants to the other measures mentioned. 

SUMMARY 

Dr. Frederick K. He.ath: While the 
endocrine glands are not essential to living 
processes, they do coordinate these in the 
comple.x organism and so render it more 
adaptable to stress. Without an endocrine 
system the organism can survive often only 
under special conditions. 

About one hundred y'cars ago Addison 
first reported death following total de- 
struction of the adrenal glands but the 
importance of the cortical tissue was not 
emphasized until almost fifty years later 
and then by' the failure of epinephrine to 
support life in the total absence of the whole 
glands. Now, with some thirty different 
cortical steroids isolated, it is possible in 
a»ierican journal or jiroiciNr. 
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part to correlate cortical functions with 
specific chemical structure. 

Substances having effects upon salt and 
water exchange, and earbohydrate and 
protein metabolism are found in the 
pregnane group of steroids with 21 carbon 
atoms. The androgenic substances fail into 
the class with no side chain at C-17 and 
therefore belong to the etiocholane group 
with 19 carbon atoms. Estrogenic materials 
are found in the phenols with 18 carbon 
atoms. 

Control of the electrolyte balance, so far 
best understood of the cortical functions, 
was in large part worked out before the 
active steroids were available. It is now 
known tliat desoxycorticosterone (and to a 
small extent 11 -dehydrocorticosterone) act 
upon the renal tubular cells so as to promote 
the reabsorption of sodium and the excre- 
tion of potassium. Individuals with Cush- 
ing’s syndrome may have high serum 
sodium and low serum potassium levels and 
tend toward hydremia and hypertension. 
The Addisonian, on the other hand, tends 
toward low sodium and high potassium 
concentrations in the serum, dehydration 
and hypotension; as the tubules fail to 
reabsorb sodium and retain potassium, there 
is a loss of chloride and/or bicarbonate, 
nitrogen retention and a fall in urinary 
ammonia. The administration of salt and 
water with or without DCA usually reverses 
this trend and relieves the accompanying 
symptoms. 

Hypoglycemia occurs in the adrenal- 
ectomized animal. Conversely, the diabetic 
animal is relieved by adrenalectomy and is 
made worse by the administration of either 
cortical extract or the 11-oxysteroids, par- 
tieularly 1 1 -hydro- 17-hydroxycorticosterone 
(Compound E of Kendall). Cori offers an 
explanation of these findings, which are 
associated with decreased phosphorylation 
of glucose, by the in vitro demonstration that 
cortical extract increases the inhibitory 
effect of anterior pituitary extract on hexo- 
kinase, an inhibition antagonized by insulin. 

Low blood sugar, episodes of hypo- 
glycemia and insulin sensitivity may occur 
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in the Addisonian patient. Yet to date, 
except in hypoadrenalism with diabetevS or 
diabetes alone, no significant effects upon 
carbohydrate metabolism have followed the 
use of any adrenal eortical substance in 
humans. In contrast, ACTH does exert an 
appreciable effect in normal man. Diabetes 
and insulin resistance may be seen in in- 
stances of hyperadrenalism. 

The effect of the adrenal eortex upon 
protein metabolism is obscure. The gluco- 
neogenic effect appears to be less than that 
upon carbohydrate utilization. In small 
animals the 11-oxysteroids seem to cause 
inhibition of growth during the growing 
phase and weight loss in mature animals. 

Decreased excretion of tire urinary corti- 
coids and 17-ketosteroids occurs after ad- 
renalectomy and in Addison’s disease. 
Increased excretion of these compounds 
may be found in hyperadrenalism. There is 
a marked increase in 1 7-ketosteroid excre- 
tion in the adrenogenital syndrome which 
may represent the formation of abnormal 
steroids. 

In this connection the increased urinary 
excretion of corticosteroids of the 11-o.xy 
group following exposure of normal animals 
to stress, substances which serve to protect 
an adrenalectomized animal under similar 
conditions, introduces the concept of the 
“alarm” reaction, “general adaptation syn- 
drome” and the “diseases of adaptation” of 
Selye. The opinion was expressed that these 
hypotheses required more verification. 

The effect of adrenal cortical materials 
on antibodies is probably small. No question 
exists as to the reduction in circulatory 
lymphocytes, fragmentation of tissue lym- 
phocytes and reduction in the size of lymph 
nodes and thymus following the exhibition 
of cortical substances. On the other hand, 
no conclusive evidence establishes the lym- 
phocyte per se as an important source of 
antibodies. Furthermore, adrenalectomized 
animals appear to form antibody as well as 
normal controls and no changes in im- 
munity have been noted in Addison’s 
disease or Cushing’s s>mdrome. 
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Progressive Hepatic Disease* 

S TENOGRAPHIC reports, edited by Robert J. Glaser, m.d., and David E. Smith, Jr., m.d., 
of weekly clinicopathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences are participated in jointly by members of the 
Departments of Internal Medicine and Patholog>' of the Washington University School 
of Medicine and by Junior and Senior medical students. 


T he patient, F. G., (No. 154252), a 
twenty-seven year old white single 
college instructor, was admitted to 
the surgical ser\dce of the Barnes Hospital 
for the first time on December 26, 1947, 
complaining of jaundice. The family history 
was of interest only in that one of her grand- 
parents had died of diabetes. The patient 
stated that she had enjoyed fairly good 
health most of her life. She had had seasonal 
hay fever for many years and at the age of 
twenty-one had a respiratory infection with 
cough and fever. The illness was compli- 
cated by bilateral thrombophlebitis, and 
she had pain and swelling of her legs which 
forced her to remain in bed for five weeks. 
Subsequently, she had varicose veins and 
persistent swelling of the legs; frequently 
shallow ulcers developed on the inner aspect 
of either ankle. A year prior to entry she had 
a respiratory infection with cough and fever 
which lasted a few weeks. Otherwise, the 
systemic history was non-contributory. 

Two months before entry the patient de- 
veloped a “head cold and sore tlrroat” 
%vhich lasted appro.ximately three weeks. 
Shortly thereafter her urine became dark. 
She developed slight nausea after meals, her 
sclerae were noted to be yellow and she 
began to have a low gi'ade fever. She con- 
sulted her physician who found gastrointes- 
tinal roentgenograms and cholecystograms 
to be normal. The patient’s icterus inde.x 
was 22 units. 

The jaundice gradually decreased and 
the urine became lighter in color. One week 
before admission, however, the jaundice 


recurred, her urine again became quite 
dark and the patient was advised to enter 
the hospital. Aside from slight abdominal 
discomfort which occurred occasionally after 
eating she was relatively free from symptoms. 

At the time of entry the temperature was 
37’’c., pulse 68, respirations 16 and blood 
pressure 100/70. The patient was well de- 
veloped, well nourished and in no distress. 
The essential findings were mild icterus of 
the skin and mucous membranes, many 
varicosities of both legs with marked bi- 
lateral edema and large areas of hyperpig- 
mentation about both ankles. 

The laboratory findings were as follows: 
Blood count: red cells, 4,100,000; white 
cells, 3,850; hemoglobin, 12.9 Gm.; differ- 
ential count: eosinophiles, 12 per cent; stab 
forms, 3 per cent; segmented forms, 34 per 
cent; lymphocytes, 49 per cent; mono- 
cytes, 2 per cent. Urinalysis: albumin, 
trace; sugar, negative; bile, -f-; uro- 
bilinogen, positive in dilution of 1:64; 
centrifuged sediment, negative. Blood chem- 
istry: non-protein nitrogen, 16 mg. per cent: 
total protein, 9 Gm. per cent; albumin, 4.3 
Gm. per cent; globulin, 4.7 Gm. per cent; 
icterus index, 51 units; prothrombin time, 
80 per cent of normal; bromsulfalcin dye 
retention, 40 per cent in forty-five minutes; 
thymol turbidity, greater than 24 units; 
cephalin-cholestcrol flocculation test, 3 phis, 
van den Bergh test: direct, 1.8 mg. per cent; 
indirect, 1.0 mg. per cent; total, 2.8 mg- 
per cent. 

A diagnosis of acute catarrhal jaundice 
was made, and the patient %\'as discharged 
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from tlie hospital on December 31, 1947. 
She did not restrict her activities, but jaun- 
dice persisted and although she experienced 
no pain or other symptoms she was re- 
admitted to the surgical service on March 7, 
1948. Her appetite had been excellent. 

At that time the essential physical find- 
ings included icterus of the skin, sclerae and 
mucous membranes. There was a soft blow- 
ing grade i systolic murmur at the apex but 
no other murmurs were described. The liver 
edge was easily palpable 2 cm. below the 
costal margin and was described as sharp 
but not tender. The legs appeared as on the 
first examination. The patient was afebrile. 

The laboratory data were as follows: 
Blood count: red cells, 3,640,000; hemo- 
globin, 11.1 Gm.; white cells, 5,000; differ- 
ential count: essentially normal except for 
6 per cent eosinophiles. Stool: guaiac, 1 
plus; negative for sodium bilirubinate. 
Urinalysis: The routine tests were negative. 
Urobilinogen was not present in abnormal 
amount. Blood Kahn test: negative. Blood 
chemistry: non-protein nitrogen, 16 mg. per 
cent; sugar, 66 mg. per cent; total protein, 
8.5 Gm. per cent; albumin, 3.1 Gm. per 
cent; globulin, 5.4 Gm. per cent; icterus 
index, 76 units; thymol turbidity, 68 units; 
cephalin-cholesterol flocculation test, 1 plus; 
prothrombin time, 38 per cent of normal, 
van den Bergh test: direct, 4.8 mg. per 
cent; indirect, 2.8 mg. per cent; alkaline 
phosphatase, 4 Bodansky units. 

Shortly after admission an exploratory 
laparotomy was performed. The common 
bile duct was isolated and found to be nor- 
mal in size. The liver and spleen were each 
four to five times normal size, and nodules 
about 1 to If^ cm. in diameter were scat- 
tered diffusely over the entire liver. They 
were not described further. One, however, 
was removed for examination, a section of 
which was described by the surgical pa- 
thology department as iDeing indicative of 
chronic hepatitis. It was also stated that 
there were dense infiltration of lymphocytic 
cells and the changes of early Laennec s 
cirrhosis. Postoperatively, the patient was 
given a high carbohydrate, high protein, 
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low fat, low salt diet with vitamin B com- 
plex, vitamin K, ammonium chloride and 
choline chloride, and she received one whole 
blood transfusion. She was discharged un- 
improved on March 25, 1948. Her red 
count was 3,052,000 and her hemoglobin 
was 11.9 Gm. 

The patient was re-admitted to the sur- 
gical service on June 20, 1948. During the 
interval between admissions she had con- 
tinued to feel quite well and had followed 
the therapeutic regimen outlined for her. 
The jaundice had fluctuated somewhat but 
she believed that it was less intense than it 
had been. 

Physical examination again revealed 
moderate icterus. The liver edge could be 
felt 2 to 4 cm. below the right costal margin 
on deep inspiration. Edema of the legs was 
still present as before. 

The essential laboratory data were as 
follows: Blood count: red cells, 4,310,000; 
hemoglobin, 12.6 Gm.; total protein, 6.6 
Gm. per cent; albumin, 1.9 Gm. per cent; 
globulin, 4.7 Gm. per cent, van den Bergh 
test: sodium bilirubinate, 5.8 mg. percent; 
bilirubinoglobin, 4.7 mg. per cent; total 
bilirubin, 10.5 mg. per cent; cephalin- 
cholesterol flocculation test, 4 plus; pro- 
thrombin time, 20 per cent of normal; 
thymol turbidity, greater than 24 units. 

The patient was discharged on June 23, 
1948, to continue the same therapeutic 
measures previously outlined. After she left 
the hospital she felt generally well and 
thought that her jaundice had diminished 
further. The swelling of her legs, however, 
increased and in addition she noted puffi- 
ness about the eyes and increased protuber- 
ance of her abdomen. About two weeks 
before her fourth admission a very large 
‘‘black and blue” spot appeared on her left 
thigh, and the skin over the area “blistered.” 
Similar smaller areas appeared over the 
right thigh and on both lower legs. Con- 
comitantly, she began to note persistent 
bleeding from the nose and gums and also 
from hemorrhoids. Her temperature rose to 
101 °F., and mild night sweats developed. 
Two days before admission small raised 



Clinico-pathologic Conference 


areas appeared over the neck, chest and 
buttocks and there was some stiffness of the 
joints. Her appetite had remained good. 

She re-entered the hospital on July 19 , 
1948, at which time her temperature was 
37.4°c., pulse 80, respirations 16 and blood 
pressure 120/68. The patient did not appear 
to be uncomfortable. There was marked 
edema of the lower extremities extending 
to the pelvis but no periorbital edema was 
recorded. A papular violaceous eruption 
with lesions 2 to 4 mm. in diameter was 
present over the chest and back. Some of 
these lesions were crusted. Over the left 
thigh there was a large ecchymosis meas- 
uring 10 by 20 cm. Superficially the lesion 
was gangrenous and blistered. Other swollen 
ecchymoses were present over both thighs 
and lower legs and there were small 
punched out ulcers about the left ankle. 
Moderate icterus of the sclerae, skin and 
mucous membranes was present. Clotted 
and crusted blood appeared in both nostrils. 
The gums bled easily. There was a rather 
harsh, high pitched systolic murmur over 
the entire precordium best heard along the 
left sternal border. The abdomen was pro- 
tuberant; the flanks bulged and a fluid wave 
was demonstrable. The liver edge was ques- 
tionably felt 4 cm. below the costal margin 
in the right mid-clavicular line. The spleen 
could not be palpated. Large, soft, inflamed 
external hemorrhoids were present. 

The laboratory findings were as follows: 
Blood count: red cells, 2,950,000; hemo- 
globin, 8.4 Gm. per cent; white cells, 7,400; 
differential count: eosinophiles, 6 per cent; 
segmented forms, 72 per cent; lympho- 
cytes, 20 per cent; monocytes, 2 per cent. 
Urinalysis: albumin, trace; sugar, negative; 
centrifuged sediment, 20 to 30 white blood 
cells per high power field; bile, positive; 
urobilinogen, present in a dilution of 1 ;128. 
Stool: positive for stcrcobilin. Blood chem- 
istry: non-protein nitrogen, 15 mg. per cent; 
sugar, 42 mg. per cent; total protein, 6.9 
Gm. per cent; albumin. 1.8 Gm. per cent; 
globulin. 5.1 Gm. per cent; prothrombin 
time, 14 per cent of normal; van den Bcrgh 
test: direct, 3.9 mg. per cent; indirect. 


3.6 mg. per cent; total, 7.5 mg. per cent; 
cephalin-cholesterol flocculation test, 4 plus; 
thymol turbidity test, 35 units; serum phos- 
phorus, 4.9 mg. per cent; alkaline phospha- 
tase, 6 Bodansky units. Electrocardiogram: 
left axis deviation. Roentgenogram of the 
chest: bilateral pleural effusion, small. 

The patient was given increased carbo- 
hydrate in her diet and received serum 
albumin and intrahepatol followed by whole 
blood transfusions. During her first two 
weeks in the hospital sev^eral spontaneous 
ecchymoses appeared. The prothrombin 
time remained 15 per cent of normal. Two 
weeks after admission an infected hematoma 
on the left thigh ruptured and purulent 
material drained. The patient’s temperature 
rose to 38°c., and she was given penicillin. 
A similar sequence of events occurred, the 
involved lesion being on the right thigh. 
One month after entry tlie patient’s pro- 
thrombin time was 19 per cent of normal. 
The red cell count was 3,000,000 and her 
hemoglobin, 8.8 Gm She continued to 
receive 10 cc. of intrahepatol three times 
weekly and large amounts of vitamin B 
complex and vitamin K parenterally. Com- 
plete liver function studies revealed that the 
cephalin-cholesterol flocculation test was 
4 plus, thymol turbidity, 33 units; icterus 
inde.x, 36 units, total protein, 6.5 Gm. per 
cent, albumin 1.8 Gm. percent and globulin 

4.7 Gm. per cent. The urine contained 
urobilinogen in a dilution of 1 to 40 and was 
negative for bile. A trace of bile was present 
in the stool. Two months after entry there 
was little change in either the physical con- 
dition or the laborator)^ findings except that 
the white blood cells in the urine had dis- 
appeared. At the time of discharge on 
October 5, 1948, the patient had lost 32 
pounds. There was considerable improve- 
ment in the surgical lesions of the lower 
extremities and edema was diminished. 
Aside from the slight rise in temperature 
at the time of rupture of the lesions on her 
thighs the patient had been afebrile. 

She returned home and for ten days her 
condition remained unchanged. Tcndernc.'-s 
along the varicose veins of the left leg then 
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developed and red raised lesions appeared 
around the left ankle which subsequently 
became necrotic and drained purulent ma- 
terial. She began to have afternoon temper- 
ature elevation and signs of inflammation in 
the left thigh appeared. She had not, how- 
ever, been troubled by additional abnormal 
bleeding. She was admitted for the last time 
on October 30, 1948. 

Physical examination at that time re- 
vealed the temperature to be 39.5°c., the 
pulse 94, respirations 18 and blood pressure 
100/70. The patient was lying flat in bed 
with her legs drawn up. Her skin was pale 
and sallow. The neck veins were pi'ominent. 
There were a few ecchymotic spots over the 
thighs. Scleral icterus was slight. Edema was 
present in both lower extremities, particu- 
larly on the left, and a number of small 
ulcers surrounded the left ankle. There was 
a healing ulcer on the lateral aspect of the 
right thigh and on the anteromedial aspect 
of the left thigh; marked redness, tenderness 
and swelling were noted. The inguinal nodes 
were non-tender. Breath sounds were mod- 
erately impaired at the left base. A grade ii, 
soft blowing systolic murmur was heard at 
the apex and the base. The liver edge was 
felt 4 cm. below the right costal margin in 
the mid-clavicular line; it was slightly 
tender. The spleen tip could be palpated 
when the patient took a deep breath. 

Laboratory data were as follows: Blood 
count: red cells, 3,117,000; hemoglobin, 9.5 
Gm.; white cell count, normal; differential: 
normal. Urinalysis: negative except for an 
occasional red blood cell in the centrifuged 
sediment. Stool; guaiac, 1 plus. Blood 
chemistry: non-protein nitrogen, 17 mg. per 
cent; total protein, 5.9 Gm. per cent; al- 
bumin, 2.1; globulin, 3.8 Gm. per cent; 
cephalin-cholesterol flocculation, 2 plus; 
thymol turbidity, 26 units; prothrombin 
time, 27 per cent of normal; icterus index, 
31 units; van den Bergh test, sodium bili- 
rubinate, 2.5 mg. per cent; bilirubinglobin, 
3.4 mg. per cent; total bilirubin, 5.9 mg. 
per cent. Blood culture: negative. 

The patient was treated symptomatically. 
The day after admission the abscess on the 
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left thigh was opened; approximately 1 pint 
of purulent material was withdrawn and a 
drain was inserted. That night she developed 
spontaneous ecch^anoses in the right deltoid 
region. Following drainage of the thigh 
abscess, however, she felt better and her 
temperature decreased somewhat. Sponta- 
neous skin hemorrhages continued to occur. 
On the day before death her red cell count 
was 2,730,000, with 9.1 Gm of hemoglobin. 
Her white cell count had risen to 15,050 
and the differential eount showed a left 
shift; the white cells were described as show- 
ing marked toxic granulation. The blood 
platelet count was 51,000. The patient 
received 500 cc. of fresh whole blood with- 
out reaction. On the final day of life, 
November 5, 1948, she complained of 
nausea and vomited early in the morning. 
The vomitus contained no blood. She was 
given a small amount of dilaudid for her 
restlessness. That afternoon she was found 
dead in bed. Tarry, fecal material issued 
from the rectum. 

CLINICAL DISCUSSION 

Dr. Harry L. Alexander: This case 
presents a number of interesting problems, 
and we shall not have time to discuss them 
all. We shall, however, attempt to cover the 
most interesting and important points. This 
young woman had apparently enjoyed good 
health until the time she developed jaundice 
which was essentially asymptomatic. She 
was admitted as a patient on the surgical 
service where a diagnosis of acute catarrhal 
jaundice was made. Dr. Wade, would you 
comment on that diagnosis: On the basis of 
the data at hand what diagnosis would you 
make? 

Dr. Leo J. Wade: The term “acute catar- 
rhal jaundice” is misleading and should be 
discarded. We would rather use “acute 
infectious hepatitis” to characterize this 
disease entity. 

Dr. W. Barry Wood, Jr.: I agree with 
Dr. Wade’s comment regarding the term 
acute catarrhal jaundice. Probably the ill- 
ness which used to be called acute catarrhal 



iio Clinico-pathologic Conference 


jaundice was the same as that which we now 
call acute infectious hepatitis. 

Dr. Gustave J. Dammin: I believe that 
leptospirosis of the liver has also been called 
acute infectious hepatitis. In my opinion we 
should be more definite — since this disease 
is viral in origin and epidemic in character, 
it should be called “epidemic viral hepa- 
titis.” In that way we likewise differentiate 
between it and homologous serum jaundice, 
a disease which is also viral in origin but 
which is transmitted in a different way. 

Dr. Alexander; Viral epidemic hepa- 
titis and homologous serum jaundice are 
similar in their clinical pictures although 
there are certain significant differences in 
the two. The question as to whether they 
are one disease or two diseases has now been 
clarified and I shall ask Dr. Harford to 
compare these two syndromes. 

Dr. Carl G. Harford; The two viruses 
are closely related but there are, as you have 
pointed out, Dr. Alexander, significant 
differences. For example, the virus of homol- 
ogous serum jaundice, or serum hepatitis 
as it is sometimes called, is not found in 
feces and it is not transmissible by ingestion 
of fecal filtrates. In contrast, viral epidemic 
hepatitis may be transmitted by ingestion of 
fecal filtrates and the virus often may be 
recov'ered from the stools of patients with 
the disease. Furthermore, the incubation 
period in homologous serum jaundice is 
much longer than is the case with viral 
epidemic hepatitis and the virus of the 
former may be detected in the blood very 
early in the incubation period; I believe, in 
one instance at least, the virus was isolated 
cighty-seven days before icterus developed. 
Patients who have recovered from one of 
the t\vo forms of jaundice arc said to be 
susceptible to the other. It has been e.x- 
tremcly difficult to elucidate all the desired 
facts for these diseases can be produced 
only in human volunteers. 

Dr. Alex.ander; Do you believe the 
causative agents are variants of the same 
virus or do you believe they arc different 
viruses? 


Dr. Harford; It is my opinion that the 
two are very closely related, probably in 
much the same way as different strains of the 
influenza virus are related or as St. Louis 
encephalitis is related to equine encepha- 
litis. It is not uncommon for two related 
viruses to cause very similar disease pictures 
in humans or animals. 

Dr. Alexander; We should now return 
to the case under discussion. It will be 
recalled that following discharge from the 
hospital the patient’s jaundice did not 
regress and two months later she returned 
for the second admission. Following study 
of the liver function, an e.xploratory lapar- 
otomy was performed. I should like to ask 
Dr. Moore whether or not liver function 
tests may be used in an attempt to differen- 
tiate between jaundice due to extrahepatic 
biliary obstruction and jaundice primarily 
due to hepatocellular damage. 

Dr. Carl V. Moore; In a ver)' high per- 
centage of cases one should be able to differ- 
entiate between hepatogenous jaundice and 
extrahepatic obstructive jaundice on the 
basis of liver function studies. In this patient 
data arc available to permit such differen- 
tiation and a diagnosis of hepatogenous 
jaundice can be made with reasonable cer- 
tainty. For example, the cephalin-cholestcrol 
floccuation was 3 plus on one occasion and 
then 1 plus. Thymol turbidity was elevated 
and it is particularly significant that the 
second determination was probably higher 
than the first since the first determination 
was recorded to be greater than 24 units. 
The alkaline phosphatase was only 4 Bodan- 
sky units and if one takes that finding with 
the others he can, with reasonable a.sstir- 
ance, assume that there was no extrahepatic 
obstruction. The rc.sults of the liver function 
studies justified exploratoi*)' laparotomy for 
the purpose of obtaining a liver biopsy but 
such laboratory data as these do not con- 
stitute an indication for exploration of the 
common bile duct. I should like to call 
attention to the statement in the protocol, 
“she did not restrict her activities.” I believe 
it is well to point out here that there is vers 
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little in the way of speeifie therapy in the 
treatment of hepatitis. One of the eonsider- 
ations in the management of such patients, 
which is now generally accepted, is that 
their activity should be greatly restricted 
during the active phase of the disease. It has 
been shown rather clearly that a return to 
activity before recovery occurs definitely 
exerts an untoward effect. 

Dr. Alexander: I should like to ask 
Dr. Robert Moore to describe the histologic 
findings at the time of liver biopsy. 

Dr. Robert A. Moore: The hepatic 
tissue was divided into lobules but the 
lobulation was irregular; in a number of 
areas connective tissue divided a given 
lobule. The connective tissue was loose and 
heavily infiltrated with lymphocytes and 
mononuclear cells. Some of the hepatic cells 
were binucleated; this observation may be 
interpreted as indicating that the liver had 
suffered injury and active regeneration of 
hepatic cells was taking place. The cyto- 
plasm of the cells was reticulated as one 
would expect if there were reasonable 
storage of glycogen. All in all, there was 
a definite increase in fibrous tissue and 
marked lymphocytic infiltration. If one 
considers the findings objectively, he must 
conclude that the liver had been subject to 
injury over a moderately lengthy period of 
time, this statement being based on the 
definite increase in fibrous tissue. Further, 
it seems that the noxious stimulus was still 
active, as evidenced by the heavy infiltration 
of cells within the fibrous tissue and by the 
fact that the liver cells were actively 
dividing. 

Dr. Alexander: Following operation the 
patient made an uneventful recovery and 
continued to feel remarkably well. Her third 
admission was for re-evaluation. 

Dr. Wood: Had she continued to be fully 
active following operation? 

Dr. Ralph V. Gieselman: Yes, she had. 

Dr. Alexander: She continued to have 
a good appetite and physical examination 
was essentially unchanged. Her laboratory 
findings, however, were perhaps somewhat 
more abnormal. The bilirubin had risen 


and the cephalin-cholesterol flocculation 
was now 4 plus. Likewise, the thymol tur- 
bidity was increased and it reasonably 
would be concluded that the disease was 
progressing. By the time of her fourth 
admission, one month later, she had become 
quite ill. Bleeding from the gums and into 
the skin had occurred and in addition 
marked dependent edema and ascites de- 
veloped. Dr. Smith, would you tell us why, 
in your opinion, this patient developed 
edema and ascites? 

Dr. John R. Smith: The sudden appear- 
ance of edema in a patient such as this one 
raises the question first of all as to whether 
marked portal hypertension had developed. 
The accumulation of ascitic fluid, perhaps 
largely at first on the basis of increased 
hydrostatic pressure within the abdomen, 
may lead to compression of the vena cava, 
elevation of the venous pressure in the legs 
and edema. I am not sure that the hypo- 
albuminemia was severe enough to explain 
the edema per se. 

Dr. G. V. Moore: If one calculates the 
osmotic pressure on the basis of the plasma 
protein figures given, he finds that the 
results indeed are low enough to explain the 
occurrence of edema. 

Dr. Alexander: The patient subse- 
quently had episodes which suggested 
thromboses in the veins and in the arteries. 
You will remember that at the age of 
twenty-one following a respiratory infection 
she had remained in bed for five weeks 
because of swelling in her legs and that 
subsequently she had varicose veins and 
recurrent leg swelling. Do you believe that 
she had severe thrombophlebitis at that 
time? 

Dr. Smith: I believe that she may well 
have had severe phlebothrombosis and as a 
result chronic severe obstruction developed. 

Dr. Alexander: During her stay in the 
hospital the patient received intensive treat- 
ment including parenteral vitamin B com- 
plex, serum albumin, transfusions and crude 
liver extracts. Intrahepatol was also given. 
Dr. Moore, would you comment on the 
latter substance? 
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Dr. C. V. Moore: My experience with 
intrahepatol has been limited. We have 
been discouraged, ho\vever, by the severe 
febrile reactions in patients to whom it has 
been given. Dr. Shank and Dr. Charles 
Hoagland at the Rockefeller Institute used 
intrapheptol extensively; may we have Dr. 
Shank discuss this agent? 

Dr. Robert E. Shank: At the Hospital 
of the Rockefeller Institute we treated a 
group of forty patients with cirrhosis with 
crude liver extract prepared in the labora- 
tory there. It differed only from the crude 
commercial preparations in that the pH of 
extraction was higher and pyrogenic sub- 
stances were removed by treatment with 
permutit. Large quantities were adminis- 
tered intravenously and the patients were 
followed for periods of from two to four 
years. The survival rate after two years, 
which was about 70 per cent, was sub- 
stantially greater than that reported by 
Patck and others using dietary therapy 
alone. Intrahepatol is a commercial modifi- 
cation of the original preparation. The 
pharmaceutical house which prepares it has 
attempted to concentrate the product. In a 
limited experience it was our impression 
that reactions occurred somewhat more 
frequently than with the original e.xtract. 

Dr. Alexander: At the time of the pa- 
tient’s final admission her liver function 
tests seemed to have improved, particularly 
when compared ^vith the results of her 
studies on previous admissions. Would you 
comment on that point, Dr. Dammin? 

Dr. D.vmmin: There are several instances 
in which cirrhosis has progressed to an ex- 
treme degree, concomitantly with the return 
of thymol turbidity and ccphalin-cholcstcrol 
flocculation values to normal. In this case 
the very prolonged prothrombin time and 
the failure of response to vitamin K suggest 
severe hepatic damage. It should be pointed 
out that no one knows exactly what the 
thymol turbidity and ccphalin-cholcstcrol 
flocculation tests mca.surc. There is some evi- 
dence that they represent abnormality in the 
nature of protein components and that they 


may not actually reflect what is happening; 
in the liver cells per se. 

Dr. Alexander: Let us attempt to estab- 
lish the etiology in this case if possible. Is this 
history entirely compatible with epidemic 
viral hapatitis? 

Dr. Shank: Yes, I think it is. It is not 
unusual for patients with this disease to have 
prolonged periods of low grade fever. More 
frequently this febrile period is brief. Most 
patients recover from epidemic hepatitis in 
a period of from four to nine weeks. The 
acute course, however, may be prolonged 
in some individuals and hepatic function 
may return to normal only after periods of 
months. In another group of cases inter- 
mittent, acute episodes occur with ultimate 
recovery. Finally, a small but important 
number of patients following an attack of 
epidemic hepatitis are left with residual 
hepatic dysfunction. Some of this group 
develop cirrhosis. It is impossible at this 
time to state the frequency with which 
cirrhosis occurs. Our experience has not 
been of sufficient duration to afford us ade- 
quate data but among some 400 patients 
studied at the Hospital of the Rockefeller 
Institute there were two deaths. One of 
these patients died in tlie acute phase of tlie 
disease. A number of other patients now 
have evidence of persistent hepatic dysfunc- 
tion. Other investigators have found a 
higher incidence of cirrhosis, but there arc 
some groups in which the incidence is in- 
deed very low. 

Dr. Alexander: The biopsy specimen 
which Dr. Moore showed us was obtained 
three months after the onset of jaundice and 
as you will recall showed marked fibrosis. 
Do you believe that this entire process may 
have occurred within these three montlis? 

Dr. Shank: Yes, I do. 

Dr. Alexander: Could this disease have 
been so-called to.xic cirrhosis such as is seen 
in metal intoxication? 

Dr. Shank: The course of that type o 
liver damage is usually quite acute, leading 
to death rather rapidly or at least to a pro- 
longed severe course. 
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Dr. Virgil G. Scott: When this patient 
first became ill. the liver was not the only 
organ affected. I would like to have Dr. 
Shank discuss this point. 

Dr. Shank: It is true that the major 
pathologic findings in viral hepatitis are 
in the liver but many patients have spleno- 
megaly and frequently there is gastrointes- 
tinal involvement such as gastroduodenitis. 
Often widespread lymphoid hyperplasia is 
demonstrable. I think it is well to consider 
this disease as a generalized infection with 
most prominent manifestations in the liver. 

Dr. Alexander: Do you believe that the 
pathologists will be able to establish the 
diagnosis of viral epidemic hepatitis without 
qualification? 

Dr. Shank: The morphologic findings 
demonstrable at autopsy in cirrhosis which 
follows epidemic viral hepatitis are variable 
and do not permit differentiation from 
other types of cirrhosis. 

Dr. Smith: How frequently is infectious 
hepatitis followed by carcinoma of the liver? 

Dr. R. a. Moore: I believe Dr. Shank’s 
statement in regard to the fact that none of 
these patients has been followed for a suffi- 
cient time to know the ultimate effects 
applies to your question, too, Dr. Smith. So 
far as I know there are no specific studies 
on that point. 

Dr. Alexander: I believe then that we 
are all agreed that this patient had epidemic 
viral hepatitis with progressive hepatic 
damage leading to cirrhosis and ultimately 
to death. 

Dr. Wood: I would like to return for a 
moment to the question of terminology for 
I believe that this case illustrates very 
pointedly the need for discarding the term 
“catarrhal jaundice.” Catarrhal jaundice 
was always thought to be an essentially 
benign disease which physicians tended to 
treat lightly. During the past war it was 
learned that infectious hepatitis was indeed 
a serious disease and this patient’s course 
illustrates how very serious a form tlie dis- 
ease may take. As Dr. Carl Moore has 
brought out so clearly this patient was 
treated actually as if she had “catarrhal 

JULY, 1949 


jaundice' whereas had she been treated as a 
patient with infectious hepatitis according 
to the regimen outlined by the Army physi- 
cians that is prolonged bed rest until all 
evidence of hepatic disease had abated — 
she might well have avoided this fatal 
outcome. 

Clinical Diagnosis: Viral epidemic hepa- 
titis (acute infectious hepatitis), cirrhosis of 
the liver. 

PATHOLOGIC DISCUSSION 

Dr. Antonio Villas an a: External exam- 
ination revealed light yellow discoloration 
of the sclerae. Over the right deltoid region, 
the right thigh and left ankle there were 
extensive areas of ecchymosis; the area over 
the thigh was covered with a number of 
blebs which contained sanguineous fluid. 
On the medial aspect of the left thigh and 
left ankle there were several ulcers and 
several pigmented scars; distinct pitting 
edema of the lower extremities was noted. 
The skeletal muscles, subcutaneous tissues 
and all the viscera were pale, somewhat dry 
and opaque. The heart, which weighed 400 
Gm., was enlarged and flabby but exhibited 
no lesion other than fat infiltration of the 
myocardium. 

There were 1,200 cc. of clear amber fluid 
in the peritoneal cavity. The liver, which 
was brownish-yellow in color, weighed 1,1 50 
Gm. and was firm and rubbery in con 
sistency. The left lobe of the liver wa^ 
particularly small. The capsule was thick- 
ened and the surface was coarsely nodular: 
the size of the nodules varied from 0.5 to 
4 cm. in diameter. Cut section revealed a 
striking difference between the right and 
the left lobes. The parenchyma in the left 
lobe was extensively replaced by edematous, 
translucent, yeflowish-gray fibrous tissue. 
In the right lobe there were both small and 
large bulging nodules separated by the same 
yellowish-gray, translucent connective tis- 
sue. The spleen was enlarged to a weight of 
400 Gm. It was soft and dark red ^vith 
several areas of hemorrhage in the paren- 
chyma. The stomach, which was dilated. 
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Fig. 1. A section of the left lobe of the liver composed of broad bands of connective tissue and dis- 
torted hepatic cells in small groups. 

Fig. 2. Right lobe of the liver with increased periportal tissue and lobules without ccntial veins. 

Fig. 3. Details of the distorted hepatic cells with regenerative changes and cellular infiltration of the 
portal space. 

Fig. 4. Spleen with prominent sinusoids and parenchymal hemorrhage of chronic passive congestion. 


contained about 500 cc. of dark turbid fluid 
with food remnants and granular sediment. 
The gastric mucosa was smooth with few 
rugae and a number of petechiae. In the 
lumen of the large intestine there were 
approximately 1,000 cc. of fresh and altered 
blood. The mucosa was edematous, but no 
bleeding points could be demonstrated. In 
the endometrium there was a poly^poid focus 
which on cut section revealed numerous 
cystic spaces filled with mucoid material. 
The lower peri-aortic lymph nodes were 
enlarged and succulent with a few petechiae 
in the parenchyma on cut section. 

Dr. R. .a. Moore: From the gross de- 
scription it is apparent this case reprc-scnts 
.some type of cirrhosis of the liver; the 
existence of portal hypertension is suggested 
by the enlarged and congested spleen and 
the fluid in the peritoneal cavity. Pre- 
sumably the terminal event can be a.sso- 
ciated with the finding of large amounts of 
blood in the large intestine although at- 
tempt.s to demonstrate a bleeding point were 
unsuccessful. 


The first illustration (Fig. 1) was taken 
from the left lobe of the liver. There is 
diffuse fibrosis about small islands and 
groups of hepatic cells which show extreme 
multinucleation; occasionally there arc ac- 
tually large confluent masses of hepatic 
cytoplasm with multiple nuclei. The hepatic 
cells arc not arranged in a lobular pattern 
and the connective tissue in between is 
moderately dense and mature but is in- 
filtrated with lymphocytes and mononuclear 
cells to a slight or moderate degree. Con- 
trast this picture with the ne.xt one (fig. ~) 
which was taken from the right lobe of the 
liver. The reason for the difference in the 
gross appearance is immediately evident. 
Here there is definite lobulation: the appear- 
ance is not unlike that .seen in a .surgical 
biopsy specimen, except that at autopsy 
there was less activity, the connective tissue 
was more mature and the outline of the 
lobules of hepatic tissue was more distinct. 
Note that at the right side of tfic illustration 
there is irregular proliferation of tissue into 
a lobule. 
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Fig. 5. Slight interstitial infiltration of lymphocytes in the pancreas. 

Fig. 6. Atrophic mucosa in a section of the stomach. 

Fig. 7. Endometrium with typical dilated glands of cystic hyperplasia. 

Fig. 8. Moderately hyperplastic bone marrow in which there is a relative lack of the more mature 
erythroid forms. 


The normal hepatic lobule always con- 
tains a central vein and the hepatic cells 
radiate in a definite cord-like pattern to the 
periphery. When liver regenerates, h rarely 
if ever regenerates in that pattern, but 
rather in the pattern which was noted here 
— the hepatic cords are not arranged in as 
orderly a fashion. There is a suggestion of 
radial arrangement but in the centers of 
these lobules there is no central vein. That 
change constitutes objective evidence that 
this tissue was not residual original hepatic 
tissue but rather regenerated hepatic tissue. 
The contrast in the microscopic findings in 
the left and right lobe of the liver represents 
a difference in the type and amount of 
regeneration. In the right lobe there had 
been extensive regeneration with formation 
of nodules while in the left lobe regeneration 
had not advanced to the same extent and 
had not taken on the lobular pattern which 
is so characteristic of classical cirrhosis of the 
liver. 

Figure 3 is a section under a higher 
magnification from tlie left lobe of the liver 


in which there are cells with a large amount 
of basophilic, globular, granular material in 
the cytoplasm, supposedly nucleoproteins of 
the cytoplasmic type associated with active 
regeneration; prominent nucleoli, also in- 
dicative of active regeneration, are likewise 
seen. Multinucleation of hepatic cells was 
obvious. The connective tissue was loose 
and infiltrated with large numbers of cells. 

The next illustration (Fig. 4) is a section 
from the spleen. There is prominent dilata- 
tion of the sinusoids and hemorrhage into 
the red pulp indicative of congestion of long- 
standing. In a section from the pancreas 
(Fig. 5) there is slight interstitial fibrosis and 
cellular infiltration of a few lymphocytes, 
particularly out into the paraductal tissue. 
The next section (Fig. 6) is taken from the 
stomach and shows mucosa with the mus- 
cularis beneath it. The mucosa was defi- 
nitely atrophic and thinner than normal. 
Atrophy involved not only the gastric 
mucosa but also the duodenal mucosa as 
well. 

A section of the endometrium (Fig. 7) 
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shows the typical changes of cystic hyper- 
plasia. This lesion is allegedly associated 
with some disturbance in estrogen metab- 
olism; certainly a patient with as much 
hepatic damage as this woman might well 
have had sufficient disturbance in estro- 
gen metabolism to have had endometrial 
stimulation. 

Figure 8 is a section of the bone marrow 
showing diffuse hyperplasia; mature cells 
of the erythroid series are relativ^ely de- 
creased in number in comparison with less 
mature forms, indicating slight maturation 
arrest in the red cell series. 

I think that pathologists have had more 
difficulty with cases of this type, particularly 
in regard to terminology^ than have the 
clinicians; acute catarrhal jaundice, toxic 
cirrhosis and acute and subacute yellow 
atrophy perhaps all belong in the same 
category. I am not at all sure that enough 
is known to permit sharp morphologic dis- 
tinction between these various types of 
hepatic disease, but the criteria of distinc- 
tion which arc in current use may be pre- 
sented, and they apparently rest upon a 
reasonably firm foundation. 

First, what type of cirrhosis was present 
in this ease — was it Laennec's portal cir- 
rhosis or some other form? Fifteen or 
twenty-five years ago there appeared in the 
pathologic literature descriptions of the type 
of cirrhosis which is called toxic cirrhosis — 
or from a descriptive standpoint, multi- 
lobular cirrhosis of the liver — in order to 
distinguish it from simple lobular cirrhosis 
of the Lacnncc type. That idea developed 
because of cases similar to the present one 
in which there were nodules throughout cut 
sections of the liver separated by variable 
amounts of connective tissue. In almost 
every instance, however, there was some 
focus in which lobulation was absent. To 
explain the origin of such a lesion it was 
logical to postulate that the liver was ex- 
posed to an extensive insult of very short 
duration which destroyed large areas to 
such a degree that regeneration had not, or 
could not. occur. In other regions the 
damage presumably was less severe and 


regeneration occurred with resultant fornin- 
tion of nodules varying in size. Such was 
the accepted concept in regard to the 
pathogenesis of toxic cirrhosis. 

During the last century acute yellow 
atrophy and subacute yellow atrophy were 
also described, the former being those case.' 
which exhibited a fulminating course and 
massive destruction of tissue and the latter 
diagnosis being assigned to those cases which 
were less severe in their course and in the 
extent of tissue destruction. In the acute 
cases there was outright necrosis of the 
hepatic cells without proliferation of fibrous 
tissue and with only a minimal amount of 
cellular infiltration. In patients who sur- 
vived for a sufficient period of time fibroins 
tissue proliferated, regeneration of liver cclh 
ensued and the pathologic picture of sul)- 
acute yellow atrophy developed. 

In tlie course of time those two major 
concepts, namely, toxic cirrhosis and acute 
or subacute yellow atrophy, ^vcrc combined 
to some extent, in that acute yellow atrophy 
in a few instances and toxic cirrhosis in some 
instances (but neither in every instance) 
were observed to follow the ingestion of 
some no-xious substance. Cinchophen. ar- 
senic and many other chemical agents were 
found to be hcpatoto.xic. It was inferred that 
single doses of these substances injured the 
liver and therefore the term toxic cirrhosis 
of the liver was thought applicable. I think 
it has become apparent in recent years that 
although the concept of acute yellow 
atrophy as a disease produced by toxic 
agents is still tenable, most examples of 
acute yellow atrophy, subacute yellow 
atrophy and to.xic or multilobular cirrhosi' 
of the liver represent varying stages of the 
disease, epidemic \dral hepatitis. 

I think this brief recapitulation of the 
history of the concept of this disease fioni 
the pathologic standpoint indicates that the 
pathologist is not in a position to make an 
outright diagnosis of epidemic viral lieiia- 
titis. He can. however, state that tlic patho- 
logic changes are consistent with that 
diagnosis if it can be supported on a clinical 
basis. The .same comments apply, of cour«% 
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to homologous serum jaundice as to epi- 
demic viral hepatitis. 

In the case which we are discussing today 
the lesions found in the liver are consistent 
with those one would expect to find in a 
patient with epidemic viral hepatitis who 
had recovered to the extent that regenera- 
tion of the liver without restoration of the 
normal structural pattern had occurred. 
Fortunately, in most patients who have epi- 
demic viral hepatitis recovery is complete. 

A finding which interested us a great deal 
was atrophy of the gastric mucosa and the 
slight maturation arrest in the red cells 
series. I gave Dr. Carl Moore a note earlier 
in the conference and asked him if he could 
tell us if that 'finding could be correlated 
with a lesion which had caused severe 
hepatic dysfunction. 

Dr. C. V. Moore: It is known that in 
most patients with cirrhosis or severe hepatic 
insufficiency normocytic or slightly macro- 
cytic anemia frequently develops which, 
however, does not respond to the anti- 
pernicious anemia principle in liver. Rarely, 
one does see a patient who has marked 
hepatic damage and a megaloblastic bone 
marrow v/ho responds quite specifically to 
liver. Whether this particular patient is in 
that category or not I do not know, but I 
would doubt it. It is conceivable that the 
changes observed in the bone marrow and 
in the gastric mucosa may be explained on 
the basis of an antipernicious anemia factor 
deficiency, but I would doubt that also. 
Probably the bone marrow abnormality 
could better be related to the infection 
present; in this regard it is well to note that 
the neutrophiles were deficient in granules 
and there were other evidences of bone 
marrow depression. Atrophy of the gastric 
mucosa probably cannot be attributed to 
infection. 

Dr. Alexander: I would like to ask why 
Dr. Balduin Lucke stated that cirrhosis did 
not seem to be a sequence of epidemic 
hepatitis. 
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Dr. R. a. Moore: It is my understanding 
that at the time Dr. Lucke published his 
paper he had not seen cases such as this one. 
Is that not right. Dr. Dammin? 

Dr. Dammin: Yes. He later qualified his 
statement somewhat and said that a single 
bout of hepatitis does not result in cirrhosis. 

Dr. R. a. Moore: Dr. Lucke’s first 
report was based on early observations. 
Cirrhosis following epidemic viral hepatitis 
has been observed by others many times 
since Lucke’s original paper. 

It was unfortunate that in the autopsy 
Virchoiv did in 1850 on a patient ivho had 
this very disease he demonstrated mucous 
plugs in the ampulla of Vater and no 
necrosis of the liver; otherwise the whole 
concept of acute catarrhal jaundice would 
never have developed. Dr. Cecil Watson 
has recently demonstrated by means of 
multiple biopsies of the liver that there are 
occasions when there may be no significant 
microscopic changes in that organ during 
the disease. 

Dr. Dammin: In this case the liver func- 
tion tests revealed a progi'ession of the 
disease. At the time of exploration the 
surgeon noted that the liver was uniformly 
enlarged but at autopsy the left lobe was 
more severely scarred than the right. It is 
postulated that this difference occurs be- 
cause the elements that protect the hepatic 
parench)Tna are apparently drawn from the 
small intestine and reach the right lobe of 
the liver in greater concentration than the 
left lobe which is consequently less protected. 

Anatomic Diagnoses: Cirrhosis of the liver 
with predominantly peripheral fibrosis and 
marked reduction in parenchyma; fresh and 
altered blood in the gastrointestinal tract 
(1,000 cc.); atrophy of the gastrie and 
duodenal mucosa; hyperplasia of the ver- 
tebral marrow; cystic hyperplasia of the 
endometrium. 

Acknowledgment: Illustrations were made by 
the Department of Illustration, IVashington 
University School of Medicine. 
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Immune Response to H. Pertussis Vac- 
cination. A Study Using the Passu'e 
Intraperitoneal Mouse Protection 
Test. John P. McGovern, M.D., {intro- 
duced by Grant Taylor, M.D.), Durham, 
North Carolina. 

Mouse protective antibodies were assayed 
and compared with agglutinating antibodies 
following immunization with a phase i H. 
pertussis vaccine in a group of young infants. 
A total of thirty infants, three to six months of 
age with no history' of or exposure to clinical 
whooping cough, were subjected to inoculation 
three times at iwo-wcck intervals with a phase i 
pertussis vaccine, each infant receiving an 
approximate total of 100 billion organisms. 
Blood samples were drawn before as well as 
after immunization. Sera from these blood 
samples were used in an attempt to protect mice 
passively against lethal intraperitoneal challeng- 
ing doses of pertussis organisms suspended in a 
4 per cent gastric hog mucin solution. Each 
scrum was also tested for agglutinating anti- 
bodies by a rapid agglutination technic. Control 
groups of mice were used in each experiment. 

It was found that these infants did not possess 
mouse protective antibodies in their scrum but 
that these antibodies consistently develop follow- 
ing inoculation of the infant with sufficient 
phase I pertussis vaccine. It was shown also that 
agglutinating antibodies did not develop con- 
sistently nor did they parallel in degree the 
mouse protective values. 

Diffusion of ' .Streptomycin into Sf:rous 
C:\ViriES FoLI.OtVLVG I.VTRA.^(t;SCUL.^R I.v- 
jEcrno.N. Patrick B. Storey. M.D. {by 
invilaiion). li'aller Kurland, .M.D. {by invi- 
tation). Helen Murfihy. B.S. {by imitation), 
Sof Katz. .M.D. {by invitation) and Harold 
L. Hirsh. .M.D. {introduced by Jay A. 
Robinion. .M.D.), W'adiinglon, D. C. 


From the Georgetown Medical and TuIxt- 
culosis Divisions, Gallingcr Municipal llo<. 
pital, and Department of Medicine, George- 
town University School of Medicine. 

Spinal fluid was obtained from thirty-eight 
patients with pulmonaiy tuberculosis without 
meningitis. All but two of the patients studied 
had had therapy for at least three weeks. The 
two patients were studied during the first two 
days of therapy in order to dctenninc the 
rapidity with which streptomycin appeared in 
the spinal fluid. On dosage schedules of 1 Gm. 
every six hours streptomycin was not detected 
in the spinal fluid one or two hours after the 
first dose ^\’hcrcas assayable levels were found 
at twelve hours. Of the twenty patients who 
were receiving 2 to 4 Gm. per day in divided 
doses ever)’ six to twelve hours, all had spinal 
fluid concentrations of 0.15 to 0.6 micrograins 
per cc. Only 50 per cent of the patients receiving 
1 Gm. per day had a level of 0.15 to 0.3 micro- 
grams per cc. of spinal fluid. Two patients with 
tuberculous meningitis were treated with strep- 
tomycin intramuscularly, one of whom received 
1 Gm. every twelve hours and the other 1 Gm. 
every six hours. In the first patient repeated 
specimens of spinal fluid were found to contain 
0.3 micrograms per cc. Assay of specimens of 
spinal fluid from the second patient revealed 
no detectable levels at one hour. 2.5 micrograms 
per cc. at twelve hours and 5 micrograms jierce, 
at twenty-four and .seventy-two hours after 
therapy was started. 

Four patients with infectious arthritis and 
one with hydro-arthrosis who were on strepto- 
mycin intramuscularly in doses of I aiui 3 Gm. 
per day were studied Joint fluid levels obtaiivd 
during therapy ranged from 2.5 to 5.0 micro- 
grams per cc. 

There were ten patients with acute tulxm- 
culous pleurisy with effusion who received do-'"- 
of 1 to 2 Gm. of streptomycin per day. .Ma^^i* 
mum levels of 2.5 to 5.0 micrograms were foiind 
in the pleui.al fluid after several d.ay.s of therap;. 
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Two patients with portal cirrhosis on dosage 
schedules of 1 to 2 Gm. of streptomycin per day 
showed from 2.5 to 5.0 micrograms per cc. of 
ascitic fluid. One patient with a tuberculous 
pericardial effusion on a 2 Gm. per day dosage 
schedule showed levels of 5 and 10 micrograms 
per cc. of pericardial fluid. 

Therapeutic Value of Small Doses of 
Streptomycin in Tuberculosis. Bernard 
Milloff, M.D. {by invitation), Sol Katz, 
M.D. and Harold L. Hirsh, M.D., {introduced 
by Hyman Zimmerman, M.D.), Washington, 
D. C. 

From the Georgetown Medical and Tuber- 
culosis Divisions, Gallinger Municipal Hos- 
pital, and the Department of Medicine, 
Georgetown University School of Medicine. 

A variety of tuberculous infections were 
treated with small doses of streptomycin. All 
patients received 3^ Gm. per day in one dose, 
except four with miliary tuberculosis who were 
given ]/2 Gm. twice a day. 

Five patients with miliary tuberculosis were 
treated and none survived. Four patients with 
bronchial tuberculosis treated for one to four 
months showed a definite beneficial response. 
Two patients with proved tuberculous peid- 
carditis were treated. In one the response was 
favorable while the other developed progressive 
tuberculosis and died. Two patients showed 
clearing of the tuberculous peritonitis, however, 
several months after completion of therapy 
hematogenous tuberculosis became manifest 
in both. Treatment was re-instituted with no 
response. 

Seven patients with draining sinuses showed 
closure of the sinuses. In two patients with tuber- 
culous bursitis incision and drainings while 
under streptomycin therapy resulted in healing. 
In forty patients with eighty-six operations, 
which included thoracoplasty, lobectomy and 
pneumonectomy, no tuberculous spreads oc- 
curred with the use of 34 Gm. per day in a 
single injection for seven days preoperatively and 
postoperatively. 

Streptomycin in doses of 34 Gm. per day 
would appear to be definitely effective in the 
treatment of bronchial tuberculosis and drain- 
ing sinuses. It would also be recommended that 
this same dosage be used in the prevention of 
tuberculous spread in the surgery of tuberculous 
patients. 


Growth Enhancement of M. Tuber- 
culosis BY Streptomycin. Max Michael, 
Jr., M.D., Martin Cummings, M.D., George 
Spendlove, M.D. and William B. Fackler, 
Jr., M.D., Atlanta, Georgia. 

From the Medical Service, Lawson VA 
Hospital and the Department of Medicine, 
Emory University School of Medicine and 
the Tuberculosis Evaluation Laboratory, 
USPHS. 

The development of bacterial resistance to 
streptomycin is a well documented phenomenon. 
Of recent interest is the finding that a few 
strains of bacteria appear to be not only 
resistant to but actually dependent upon 
streptomycin for growth. This study is con- 
cerned with a strain of the tubercle bacillus 
which demonstrates enhancement of growth by 
streptomycin. The strain was isolated from the 
sputum of a patient with pulmonary tuber- 
culosis on the ninety-sixth day of streptomycin 
therapy. It was the impression of the observers 
that the disease was actually made worse toward 
the end of the course of streptomycin but it is 
obviously difficult to draw any conclusion as 
to cause and effect in a disease of such clinical 
variability. 

The organism displayed the following char- 
acteristics: When cultured in tubes containing 
0, 1, 5, 10, 100 and 1,000 micrograms per ml. 
of streptomycin it grew luxuriantly in all tubes 
containing streptomycin but quite sparsely in 
the control tube without the antibiotic. This 
was observed repeatedly, both in liquid Dubos 
media and on solid Lowenstein media. A 
sample of the patient’s sputum obtained three 
months after the termination of therapy dis- 
played the same phenomenon. 

Guinea pig experiments have suggested that 
the observed enhancement of growth in vitro 
also occurs in vivo. Animals infected with this 
strain and treated with streptomycin had a 
shorter survival time than did those which were 
untreated. 

A Factor in Rabbit Poly.morphonuclear 
Leukocytes which Causes a Rise in 
Body Temperature. Paul B. Beeson, 
M.D., Atlanta, Georgia. 

A plausible explanation of the fevers which 
accompany many different kinds of disease is 
that some product of tissue injur>' affects the 
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function of temperature-regulating centers in 
the hypothalamus. The findings described here 
were obtained during an attempt to demonstrate 
such a substance. Rabbits were used as experi- 
mental animals. Various types of tissue were 
subjected to mechanical lysis and then tested for 
capacity to cause elevation of temperature in 
normal rabbits. The following cells or tissues 
have been so studied; erythrocytes, lymphocytes, 
macrophages, polymorphonuclear leukocytes, 
liver, brain, kidney, lung, spleen and muscle. 
Positive results were obtained only with poly- 
morphonuclear leukocytes. These were obtained 
from intraperitoneal exudates produced by 
injection of large quantities of sterile physiologic 
salt solution. The cells were separated from the 
exudates by centrifugation, washed and then 
lysed by shaking with glass beads. Centrifuga- 
tion of this material in a small quantity of saline 
yielded a clear supernatant fluid and cellular 
debris. The cellular debris did not provoke 
fever but the clear supernatant fluid was active. 
An extract of leukocytes obtained from the 
peritoneal exudate of one rabbit produced a 
rise of 1 to 3°f: within one hour when injected 
intravenously into a normal rabbit. The agent 
responsible for the temperature rise was not 
dialyzable through a collodion membrane and 
was inactivated by heating to 75 to 80°f. It was 
not precipitated at 50 per cent saturation with 
sodium sulfate but was precipitated at full 
saturation. The activity of this factor is inhibited 
by antipyretic drugs. 

Metabolic Changes Associated ivith the 
Administration of Salt-poor Human 
Serum Albumin in Infectious Hepatitis. 
JV. Parson, M.D., H. S. Majerson, M.D. 
{by invitation), W. J. Prautman, Jr., M.D. 
{by invitation) and R. Hutcheson, M.D. (by 
invitation). New Orleans, Louisiana. 

From the Departments of Physiology and 
Medicine, School of Medicine, Tulane Uni- 
versity and the Alton Ochsner Medical 
Foundation. 

T\vo patients suffering from infectious hepa- 
titis were studied on a metabolic regimen for 
periods of thirty to thirty-five days, respectively. 
Large doses (75 Gm.) of salt-poor human serum 
albumin were administered daily during two 
separate six-day periods to the first patient and 
during one six-day period to the second patient. 
The latter was subsequently fed a protein 


supplement during one period and the results 
were compared with those obtained after 
albumin administration. Daily nitrogen, calcium 
and phosphorus balances were obtained as well 
as frequent determinations of the plasma pro- 
teins, red cell and plasma volumes. The results 
indicate that administered salt-poor human 
serum albumin is retained almost quantitatively 
and can be considered as a useful source of 
nitrogen in situations in which marked anabo- 
lism is present. 

Vitamin Bra Therapy for Megaloblastic 

Anemia of Infancy. A. Z. McPherson, 

M.D. and U. Jonsson, M.D. {introduced 

by Grant Taylor, M.D.), Durham, Norik 

Carolina. 

A severe anemia with megaloblastic blood 
formation in the marrow occasionally develops 
in infancy in association with infection and/or 
dietary inadequacy. The anemia responds 
specifically to liver extract or to pteroylglutamic 
acid. 

Two infants with megaloblastic anemia were 
treated with vitamin Bis tvith favorable results. 
An eleven months old colored infant had been 
fed only breast milk. Development rvas retarded. 
She finally became weak, irritable and acutely 
ill. On admission the hemoglobin was 3.2 
Gm./lOO cc., red blood cells 1,100,000, white 
blood cells 20,000, hematocrit 10 per cent, mean 
corpuscular volume 92 cu. micra., reticulocytes 
7.4 per cent and platelets 24,000 per c.u. mm 
Immature granulocytes and nucleated red 
blood cells rvere present in the circulating blood. 
The bone marrow shorved megaloblastic cell 
development. A single dose of 0.002 mg. of 
vitamin B 12 was injected intramuscularly. On 
the seventh day^ a reticulocyte peak of 69.1 per 
cent was reached and the blood values had more 
than doubled. On the fourteenth day the 
hemoglobin was 7.8 Gm., red blood cells 
2,800,000, white blood cells 13,350, hematocrit 
30 per cent, mean corpuscular value 104 cu. 
micra. and reticulocytes 13.5 per cent. The 
platelets were normal in number and immature 
granulocy'tes were no longer present in the 
circulating blood although a fe^v nucleated red 
blood cells still remained. The bone marro\\' u'as 
normoblastic. 

A second infant, a seven months old rvhite 
male, had eaten poorly for four months despite 
an adequate diet. Anemia was discovered before 
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admission and blood transfusions were given. 
He remained weak, ate poorly and vomited 
often. The hemoglobin was 10.9 Gm./lOO cc., 
red blood cells 3,100,000, white blood cells 
5,500, hematocrit 29.5 per cent, mean corpuscu- 
lar value 93 cu. micra. and reticulocytes 1.3 per 
cent. Bone marrow examination showed megalo- 
blastic cell development. Vitamin B 12 (0.002 
mg.) was injected intramuscularly. The blood 
values continued to fall for six days. Vitamin 
Bi 2 (0.005 mg.) was then injected and two days 
later an unsustained reticulocytosis of 31.7 per 
cent occurred. With a daily dose of 0.002 mg.' of 
vitamin B 12 , there was a sustained reticulo- 
cytosis and rapid gain in blood values. 

Treatment of Acute Leukemia with 
Aminopterin. Paul Maness, M.D., 0. C. 
Hansen-Pruss, A'l.D., A. McPherson, 
M.D. and Leland D. Stoddard, M.D. {in- 
troduced by Grant Taylor), Durham, North 
Carolina. 

Nine patients with acute leukemia, seven 
children ranging in age from thirteen months to 
fourteen years and two adults twenty-five and 
forty-five years old, were treated with aminop- 
terin. In seven patients the leukemia was 
myeloblastic and in two it was lymphoblastic. 
The total dose of the drug per patient, varied 
from 3.5 to 20 mg. Stomatitis developed in four 
patients. Leukocytosis in five patients decreased 
but there was no improvement in the hemo- 
globin or red cell values. Serial bone marrow 
examinations showed some increase in cell 
maturity in four cases during aminopterin 
therapy. A temporary remission lasting three 
weeks or longer occurred twice. Four patients 
died in the hospital after being treated from 
three days to five weeks. Some evidence of 
hematologic improvement attributable to the 
drug was seen in three of these patients. Three 
patients continue to take the drug. One child 
with lymphoblastic leukemia showed no observ- 
able effect from the drug and in the other there 
was a fall in the' white cell count and symp- 
tomatic improvement after taking 20 mg. in 
one month. 

Autopsy study in four cases sho\ved focal 
areas of hemorrhage and necrosis in the bone 
marrow as the outstanding finding. 

While aminopterin has a demonstrable hem- 
atologic effect in some patients with leukemia, 
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and may even produce a temporary remission, 
the net clinical benefit does not appear to be 
great enough to justify its use except in experi- 
mental therapy. 

Chemotherapeutic Activity of Deriva- 
tives OF Pteroyl Glutamic Acid against 
Transmitted Leukemia in Mice. J. PI. 
Burchenal, M.D., J. R. Burchenal, M.D. 
and E. Robinson, M.D., New York, New 
York. 

From the Section on Mouse Leukemia of the 
Division of Experimental Chemotherapy, 
the Sloan-Kettering Institute for Cancer 
Research. 

Because of the promising results reported by 
Farber and others from the use of 4-amino- 
pteroyl glutamic acid in the treatment of acute 
leukemia, it was believed that compounds 
structurally related to pteroyl glutamic acid 
should be screened against transmitted mouse 
leukemia. Leukemia Ak 4, an acute lymphoid 
strain in the Akin stock of mice, was used in 
these experiments. Most of the ninety derivatives 
tested to date have shown no real chemo- 
therapeutic activity, but the four following 
compounds significantly prolonged the survival 
time of the treated animals: 4-amino-N^°- 
methyl-pteroyl glutamic acid; 2, 6-diamino- 
purine; 4-amino-pteroyl aspartic acid and 
4-amino-pteroyl glutamic acid. 

Repeated tests of these compounds have 
demonstrated that 4-amino-N^®-methyl-PGA 
and 2,6-diaminopurine consistently prolonged 
by from 50 to 1 00 per cent the survival time of 
mice injected with this strain of leukemia. Less 
work has been done to date on 4-amino-pteroyl 
aspartic acid but these experiments as well as 
others against less acute leukemias indicate that 
this compound has a chemotherapeutic activity 
approximately equal to the two just mentioned. 
4-amino-pteroyl glutamic acid is the most toxic 
of the derivatives so far tested, but it docs not 
show as great an effect on transmitted mouse 
leukemia as the other three. 

It is interesting to note that these four com- 
pounds have analogous structures. The simi- 
larity lies in the substitution by amino groups in 
the 2 and 4 positions of the pyrimidine ring. 
All have also been shown to act in varying 
degrees as antagonists of pteroyl glutamic acid in 
the growth requirements of Lactobacillus casci. 
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Effects of 4-Ar«no-Pteroyl Glutamic 
Acid and Related Compounds on Neo- 
plastic Disease. J. H. Burchenal^ M.D., 
D. A. Karnofsky, M.D., W. P. L. Myers, 
M.D., C. M. Southam, M.D., L. F. Craver, 
M.D. and C. P. Rhoads, M.D., New Tork, 
New Tork. 

From the Section on Mouse Leukemia of 
the Division of Experimental Chemotherapy, 
the Sloan-Kettering Institute for Cancer 
Research. 

A total of thirty-eight patients with leukemias 
and various forms of neoplastic disease have 
been treated with 4-amino-pteroyl glutamic acid 
at Memorial Hospital since March, 1948. Doses 
have varied from 1 mg. per day in children to a 
top dose of 4.7 mg. a day over an eight-day 
period for one adult. Toxic symptoms were 
frequent in our series. Of the thirty-one patients 
who received at least 0.2 mg./Kg. and were 
observed for at least forty-eight hours after the 
start of therapy twenty-six developed stomatitis, 
nine diarrhea, nine loss of hair and five various 
types of rash. 

Thirteen patients with acute leukemias, seven 
children and six adults, were treated. Of these 
nine died without any significant benefit and 
two had temporary partial remissions lasting 
about five weeks and then they died despite 
further therapy, 107 and 185 days, respectively, 
after the start of treatment. Two patients are 
surviving with almost complete clinical and 
hematologic remissions. In one of these patients 
there have been three separate remissions 
following re-administration of the drug. 

Nine patients with chronic myelocytic leu- 
kemia were treated. Two of them were terminal 
and died before receiving adequate amounts of 
the drug for evaluation. Of the remaining seven 
a fall in white blood cells occurred in all, there 
was improvement in the differential count in 
six, a rise in hemoglobin in two, a decrease in 
the spleen size in five and subjective improve- 
ment in six. Three patients with chronic 
lymphocytic leukemia ^vere treated with no 
benefit and a high incidence of toxic manifesta- 
tions. Five patients with Hodgkin’s disease, four 
lymphosarcomas in adults, two carcinomas of 
the lung and one carcinoma of the bladder and 
one mycosis fungoides, showed little or no 
response to therapy even when the dosage was 
pushed to toxic levels. 


Bone Marrow Studies in Patients 
Treated with 4 Amino-Pteroylgluta- 
Mic Acid, 4 Amino Methyl Pteroyl- 
GLUTAMic Acid and 4 Amino-Pteroyl- 
ASPARTIC Acid. J. B. Thiersch, M.D. {in- 
troduced by J. H. Burchenal, M.D.), j\eiu 
Tork, New Tork. 

Serial bone marrow examinations were con- 
ducted on twenty-one patients with tumors and 
leukemia who were treated with antifolic com- 
pounds. The effect of these compounds on the 
myeloid and erythroid series was studied and 
no qualitative distinction between the action 
of the different agents was found. The myeloid 
elements were markedly decreased; the eosino- 
philes being least affected. Giant metamyelocytes 
and hypersegmented polymorphonuclears ap- 
peared in abnormal numbers. The erythroid 
series, while decreased in loto, appeared to be 
relatively prominent compared to the myeloid 
series. Pathologic nuclear remnants often com- 
bined with coarse basophile stippling were 
found in giant erythrocytes. The orthochromatic 
normoblasts were decreased in numbers and 
sometimes absent. Basophile normoblasts and 
erythroblasts increased and finally atypical but 
definite basophile megaloblasts appeared, reach- 
ing a maximum of 52 per cent of all nucleated 
erythroid elements. Platelets and megacaryo- 
cytes were less affected. 

An erythromegaloblastosis was produced in 
patients with lymphosarcoma and chronic 
lymphatic leukemia. This was reversed in eight 
days with folic acid in one case but did not remit 
spontaneously in twenty-nine days in one other 
case. No effect on the lymphoid series was 
observed in these patients. 

Two cases of acute leukemia responded with 
megaloblastic changes in the erythroid series 
and further decrease of the mature myeloid 
elements. Patients with chronic' myeloid leu- 
kemia gave only a moderate decrease of total 
cellularity and changes in the erythroid series 
as just described. 

I’wo patients with lymphosarcoma with bone 
marrow involvement and two patients ^'■ith 
acute leukemia showed a decrease in abnormal 
cells and a reversion toward normal composition. 

Extracellular Water Content of the 
Heart in Dogs Subjected to Hemor- 
rhagic Shock Measured with the 
Radioactive Isotope of Sodium. Ned D. 
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Rodes, M.D., Janet M. Lemle)\ M.D.^ Alice 
B. Dale, M.D., Sam E. Stephenson, Jr., 
M.D., Herbert L. Glass, M.D. and George 
R. Meneely, M.D., Nashville, Tennessee. 
From the Departments of Biochemistry, 
Medicine and Surgery of Vanderbilt Uni- 
versity School of Medicine and the Research 
Laboratory of Thayer Veterans Adminis- 
tration Hospital, Nashville, Tennessee. 

The method of Manery and Bale was em- 
ployed to measure the extracellular water of the 
myocardixim in three groups of dogs. The first 
group was subjected to severe hemorrhagic 
hypotension to produce irreversible shock by 
the technic of Wiggers. The second group 
represented positive controls in that they were 
treated in the same manner as the shock dogs 
but were not bled. The third group, whieh 
served as negative controls, were given large 
and rapidly administered intravenous infusions 
of saline. 

The positive control dogs showed an extra- 
cellular water content in the myocardium of 
23.5 per cent of the wet weight of tissue. This is 
in quite close accord with the data of Manery 
and Bale. The negative control dogs developed 
an edema of the myocardium obvious on gross 
and microscopic examination. The extracellular 
water in these hearts was 46.2 per cent of the 
wet weight of the tissue. This is significantly 
and convincingly different from the positive 
controls. Thus the method is adequate to 
detect edema when it is present. 

The extracellular water in the myocardium 
of the dogs subjected to Wiggers’ hemorrhagic 
hypotension procedure was 24.7 per cent of the 
wet weight of tissue. There is, therefore, no 
edema of the heart in dogs subjected to this form 
of irreversible shock. 

Determination of Plasma Volume Using 
Human Serum Albumin Tagged with 
Radioactive Iodine 131. Robert Niesel, 
M.D. {by invitation), Blanche Porter, Ad.D. 
{by invitation), and Kenneth R. Cnspell, 
M.D. {by invitation) {introduced by William 
Parson, M.D.), New Orleans, Louisiana. 
From the Biophysics Laboratory, Tulane 
University. 

Human serum albumin was chosen as the 
tracer vehicle since it was desirable to develop 
a method applicable to humans. The tracer 

JULY, 1949 


chosen was I 131 since it is known to combine 
chemically with the amino acid, tyrosine. 
Human serum albumin contains approximatelv 
43^ per cent of tyrosine. The radioactive iodine 
I 131, as obtained from Isotopes Division of 
Atomic Energy Commission, is present as an 
iodide. To facilitate the tagging of albumin the 
iodine must be available in a free state. The 
iodine is then combined with the albumin in an 
alkaline solution. The iodo-albumin mixture 
is dialyzed to remove all inorganic iodide 
compounds. 

Preliminary observations were carried out on 
dogs. This method compares favorably with the 
plasma dye method in determining the plasma 
volume. A disadvantage of the plasma dye 
method is the difficulty encountered in repeated 
frequent determinations on the same subject. 
The iodo-albumin method is not subject to such 
limitations provided the tolerance dose of 
radiation is not exceeded. 

Preliminary studies seem to indicate that the 
iodo-albumin method is applicable to human 
subjects. The determination of plasma volume 
in four patients gave values which agreed within 
10 to 15 per cent with those obtained using the 
plasma dye method. 

Regression of a Radioactive Mercurial 
Diuretic from the Plasma of Man. 
C. r. Ray, M.D., S. A. Threejoot, M.D., 
G. E. Burch, M.D.-, J. A. Cronvich, M.D. 
{by invitation), J. P. Milnor, M.D., P. B. 
Reaser, M.D., JV. J. Overman, M.D. and 
W. H. Gordon, M.D., New Orleans, 
Louisiana. 

From the Department of Medicine, Tulane 
University School of Medicine and Charity 
Hospital and the Department of Medicine 
and School of Electrical Engineering. 

During the study of the mechanism of chronic 
congestive heart failure and other edematous 
states investigations were carried out with the 
use of radioactive mercury incorporated into a 
mercurial diuretic (mercuhydrin) in order to 
observe the concentration-time course of the 
isotope in the plasma of man after intravenous 
injection. Fifteen subjects were studied. Labeled 
mercurial diuretic (2 cc.) were injected into the 
antecubital vein of one arm of the subjects, and 
blood samples were drawn at close intcr\^als from 
the antecubital vein of the contralateral side. 
The serum concentration regression curv'cs 
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observed in all subjects were similar. The curves 
were analyzed graphically into three expo- 
nential rates of regression. 

The regression rates contributing to the con- 
centration-time course of radioactive mercury 
in the plasma of man are not simple phenomena; 
rather they are probably the expression of many 
simultaneously occurring physicochemical proc- 
esses. The most rapid regression rate is brought 
about largely by mechanical mixing of the 
tracer in the plasma along with some extremely 
rapidly occurring biologic events. The second 
regression rate probably expresses the filling 
of the potential mercury spaces and the activa- 
tion of “potential turnover patterns” for mer- 
cury, including diffusion and chemical reactions, 
which did not actually exist until a relatively 
large quantity (78 mg.) of the element was 
administered. The third regression rate is most 
likely primarily a reflection of the elimination 
of the mercury from the body, principally 
urinary. 

This analysis of the regression of mercury 
from the plasma of man is undoubtedly an 
oversimplification of multiple complex phe- 
nomena but it serves as a basis for an under- 
standing of other data dependent upon the 
concentration of mercury in the plasma. 

Clinical Use of the New Monothiol 
Mercurial Diuretic — ^Thiomerin. A. 
Ruskin, M.D., J. E. Johnson, M.D. and 

W. JV. Roddy, Ad.D., Galveston, Texas. 

In experiments on the isolated rabbit heart 
we noted the cardiotoxic and cardiolethal 
dosages of thiomerin (Campbell) to be approxi- 
mately twenty times those of meralluride 
(mercuhydrin), the diuretic in present use. 

The subcutaneous administration in patients 
with edema of various origins, 2 cc. doses, of 
equal mercury content (80 mg.) in daily rotation 
with 2 cc. of mercuhydrin produced the follow- 
ing results: In twenty-four instances the twenty- 
four-hour weight loss was identical following 
either diuretic; in sixty- two patients thiomerin 
produced up to three times as great a weight 
loss; in twelve the weight loss was from four to 
nine times as great with thiomerin as with 
mercuhydrin. Mercuhydrin was followed by a 
greater weight loss up to three times that follow- 
ing thiomerin in fifty instances; in ten the 
weight loss was four to eight times greater. 

These results indicate the near-equivalence 


of diuretic effects following doses of mercuhydrin 
and thiomerin of equal mercury content. The 
maximum weight loss for either drug was 9 
pounds, the maximum excess of output over the 
intake 7 L. Reactions following an earlier lot of 
thiomerin were moderate in the form of in- 
flammatory nodules at the site of injection; only 
mild infrequent soreness resulted from the newer 
lots of the drug. Thiomerin resulted in no toxic 
effects on the kidneys or the electrocardiogram. 
It was effective and harmless when mercuhydrin 
produced reactions. 

Variations in the Effect of Digitalis ox 
the Electrocardiogram. Robert P. Grant, 
M.D. and E. Harvey Estes, M.D., Atlanta, 
Georgia. 

From the Departments of Physiology and 
Medicine, Emory University School of 
Medicine. 

The effect of digitalis on the EGG has been 
recognized as one which tends to reduce the 
ventricular gradient to zero. In effect this means 
that the T wave comes to have an opposite 
direction but equal magnitude to the QRS. The 
development of methods for studying instan- 
taneous vector components of EGG deflections 
and determining magnitude and direction of 
electrical forces of the Q,RS and T in space have 
made study of some of the properties of this 
phenomenon possible. 

Descriptively it can be said that the T vector 
on digitalization gradually shrinks without 
changing direction and the potentials of repolar- 
ization become evident in the S-T segment. This 
is manifest as an S-T vector at 180° from the 
QRS vector. Thus by vector methods the 
detection of abnormal T waves (an abnormality 
in direction of the gradient) is often possible in 
the presence of digitalis ST and T effect. 

The undigitalized subject on passive breath 
holding shows a decrease in size of the T vector 
but the QRS-T angle remains relatively con- 
stant. However, a partially' digitalized subject 
showing only a slight decrease in magnitude 
of the T vector with no discernible ST com- 
ponent develops the pattern of complete 
digitalization — that is the resultant ST-T vector 
at 180° from the ORS— with this maneuver. A 
continuous positive pressure breathing appa- 
ratus was constructed to study' this phenomenon 
more closely'. It was found that the development 
of digitalis effects in the partially digitalized 
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subject ^\■as related to changes in intrapulmo- 
nary pressure rather than changes in arterial 
oxygen saturation. Other procedures which 
alter hemodynamics were studied in relation 
to the changes they produced in the effect of 
digitalis on the EGG. 

It is evident that digitalis sensitizes the myo- 
cardial membrane to quite delicate variations in 
intrapulmonary pressure. Whether this is due to 
an alteration in the gradient of pressure across 
the myocardium or to other mechanisms has 
not yet been established. The study suggests that 
hemodynamic and respiratory factors such as 
dyspnea will play a part in the degree of digitalis 
effect seen in the EGG. 

Studies on the Effects of Digitoxin on 
THE Coagulation Mechanism. William 
C. Levin, M.D. and A. Ruskin, M.D., 
Galveston, Texas. 

From the Department of Internal Medicine 
and the Hematology Research Laboratory, 
the University of Texas Medical School. 

Heparin tolerance studies were performed on 
eleven patients all of whom had no evidence of 
cardiac decompensation or thrombo-embolic 
disease. These studies were made before and 
after the patients had received a full digitalizing 
dose (1.6 mg.) of digitoxin. The tolerance 
studies were done as described by de Takats, 
and by a modified method, using the Lee and 
White coagulation time technic. The heparin 
tolerance curves displayed no significant changes 
following digitoxin when the capillary tube 
technic was used. Seven of the same eleven 
patients showed no significant changes in 
heparin tolerance after digitoxin when the Lee 
and White method was used. Two showed 
decreased tolerance and two showed increased 
tolerance to heparin after digitoxin, using this 
same technic. 

The problem was studied further by perform- 
ing prothrombin times on nine similar patients 
before and after administration of digitoxin. 
There was no significant change in the pro- 
thrombin time. These subjects were then given 
dicumarol in doses of 300 mg., 200 mg and 
100 mg. on three successive days while on a 
maintenance dose of digitoxin (0.2 mg./day). 

In all instances the response to dicumarol was 
considered normal. 

Three other patients whose prothrombin 
activity was kept between 10 per cent and 30 
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per cent of normal by the administration of the 
necessary doses of dicumarol were given 
digitalizing doses of digitoxin. There was no rise 
of prothrombin activity above the aforemen- 
tioned levels following digitoxin. 

The impression has been gained that these 
data do not support the thesis that digitalis 
promotes coagulation of the blood. 

Critical Appraisal of Anticoagulant 
Therapy with Heparin and Dicumarol 
IN Coronary Arteriosclerosis with 
Myocardial Infarction by Comparison 
within Prognostic Categories. Robert 
H. Furman, M.D., Robert G. Gale, M.D., 
F. Tremaine Billings, Jr., M.D. and George 
R. Meneely, M.D., Nashville, Tennessee. 
From the Department of Medicine, Vander- 
bilt University School of Medicine and the 
Research Laboratory, Thayer Veterans Ad- 
ministration Hospital. 

It is possible to sort patients with myocardial 
infarcts into categories according to the nature 
of the clinical manifestions observed. When this 
is done, patients in some categories fare very 
much worse or very much better than would be 
expected of the group as a whole. It would 
appear that comparison within prognostic 
categories was a more valid method of investi- 
gating the effect of anticoagulant therapy than 
by application of overall mortality rates. The 
purpose of this presentation is to report certain 
tentative conclusions which may be inferred 
from a preliminary analysis of 343 patients with 
attacks of myocardial infarction of whom 240 
were a sample from our past experience, eighty- 
two had recently observed episodes treated with 
anticoagulants and twenty'-one had recent 
episodes not so treated. These three groups of 
patients were comparable as to age, sex and 
severity of illness. 

The mortality among controls was 40 per cent, 
among anticoagulant-treated patients 16 per 
cent. Gloser scrutiny showed, however, that the 
reduction was almost entirely due to a reduction 
in mortality among those suffering from first 
attacks. The outlook for the patient in an attack 
other than the first attack was not modified by 
anticoagulant therapy. Thrombo-embolic mani- 
festations among our control patients were 
uncommon. We could not, therefore, account 
for lowered mortality on the basis of prevention 
of peripheral or pulmonary thrombo-embolic 
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phenomena. Among control patients with con- 
gestive heart failure the outlook \\'as ominous 
but anticoagulant therapy sharply improved 
the gloomy prognosis from an expected mor- 
tality of 55 per cent to 17 per cent. Even in the 
presence of a shock-like syndrome, the mortality 
was lowered. So also in the case of cyanosis or 
leukocytosis the application of anticoagulants 
resulted in sharply lowered thirty-day mortality. 

Cerebral Blood Flow and Oxygen Con- 
sumption IN Neurosyphilis. John L. 
Patterson, Jr., M.D. {by invitation) and 
Albert Heyman, M.D., Atlanta, Geotgia. 
From the Departments of Physiology and 
Medicine, Emory University School of 
Medicine. 

The cerebral blood flow in a group of patients 
with neurosyphilis has been determined by 
means of the nitrous oxide technic of Kety and 
Schmidt. Cerebral o.xygen consumption has 
been calculated utilizing the flow data and 
the arteriovenous (internal jugular) oxygen 
differences. 

In patients with paresis and meningovascular 
syphilis the cerebral blood flow was found to be 
below the normal mean in almost every instance. 
In some patients with paresis the cerebral blood 
flow was decreased by as much as 50 per cent of 
normal. Cerebral oxygen consumption was 
reduced in both groups of patients but the 
reduction was considerably greater in paresis. 
With fe^v exceptions the cerebral blood flow 
and oxygen consumption were normal in 
asymptomatic neurosyphilis. 

The effect of penicillin and fever therapy was 
determined in a number of these patients. 
Following treatment the mean cerebral blood 
flow was essentially unchanged in paresis but 
was significantly increased in meningovascular 
syphilis. The cerebral oxygen consumption 
increased markedly both in patients with paresis 
and in those with meningovascular syphilis. 
The changes in cerebral blood flow and oxygen 
consumption in a given patient could be 
correlated to some degree with the clinical 
improvement. 

These alterations in cerebral blood flow and 
oxygen consumption are believed to be the 
result of the vascular and parenchymal changes 
produced by syphilis of the central ner\'Ous 
system. 


A Comparison of Glomerular and Tubu- 
lar Plasma Flow in Man. ] Valter H. 
Cargill, M.D. {introduced by James V. 
Warren, M.D.), Atlanta, Georgia. 

From the Departments of Medicine and 
Biochemistry, Emory University School of 
Medicine. 

The rate of plasma flow through the kidney 
may be calculated from the rate of excretion 
of a substance and the concentration of this 
substance in arterial and renal-venous plasma, 

, UV 

according to the formula -r =r. The available 

A — R 

evidence indicates that inulin is excreted 
entirely by glomerular filtration, whereas the 
excretion of sodium para-aminohippurate is 
accomplished largely by active tubular transfer. 
The value for renal plasma flow obtained from 
inulin concentrations should represent, there- 
fore, only the volume of plasma svhich perfuses 
the glomeruli, and that derived from para- 
aminohippurate clearance and extraction repre- 
sents the flow through both glomeruli and 
tubules, predominantly the latter. These deter- 
minations therefore may be designated glomeru- 
lar plasma flow (GPF) and tubular plasma flow 
(TPF). 

We have compared glomerular and tubular 
plasma flows in normal subjects and in patients 
with glomerulonephritis or nephrosclerosis who 
had varying degrees of renal impairment. 
Samples of renal venous blood \\'ere obtained by 
the technic of intravenous catheterization. 

Close agreement between GPF and TPF was 
found in all subjects, indicating that inulin is 
neither metabolized nor stored by the kidney 
and that there is no extensive dissociation of 
glomerular and tubular blood supply even in 
advanced renal disease. 

Mechanisms of Phasic Pains Induced by 

Cold. E. Charles Kttnkle, M.D., Durham, 

Morth Carolina. 

From Duke University School of Medicine. 

Cyclic pain and other phenomena induced by 
immersion of a finger in cold water have been 
analyzed in 130 experiments upon twenty-fojir 
adult subjects. At a water temperature of 0 c. 
the initial pain, a deep cold ache, rises usually 
to a high intensity in three to five minutes, at 
w'hich time plethysmographic records indicate 
the arteries of the immersed finger are extremely 
constricted. This “first” pain then slowly 
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subsides, an “adaptation” accompanied by 
progressive impairment of sensation in the 
chilled digit and by a partial release of the local 
vasoconstriction. 

The onset of a “second” pain after eight to 
twelve minutes is foreshadowed by a brisk 
further increase in local circulation and by a 
rapid return of sensibility in the digit. At the 
peak of “second” pain, a burning ache, the 
digital pulse amplitude is well above control 
levels. With the rapid subsidence of this pain, 
the pulse amplitude falls to normal and the 
finger remains fully sentient. 

If the digit remains in the bath thereafter, for 
periods up to two hours, additional recurrences 
of pain are noted; each such phase is usually 
brief and mild accompanied by moderate 
vasoconstriction. Upon removal of the finger 
from the bath after “first” or “second” pain, a 
transient but intense “after” pain is commonly 
noted, accompanied by hyperemia and similar 
in quality to “second” pain. 

The analysis of vascular components in the 
pain mechanisms is aided by interruption of 
circulation to the hand at strategic points in the 
cycle. The data suggest that vasoconstriction, 
which previously had been assumed to be in 
itself the source of cold pain, is relevant mainly 
in promoting cooling of the finger and thus 
intensifying the pain stimulus. It is also inferred 
that “adaptation” to “first” pain is a complex 
of reactions involving (1) impairment of sensory 
transmission and (2) rewarming of chilled 
tissues by release of vasoconstriction. The return 
of full function in sensory nerves earlier numbed 
by cold leads to “second” pain; an additional 
contribution to this pain may come from exces- 
sive dilatation of digital arteries. These phe- 
nomena are relevant to the experience of the 
patient with Raynaud’s disease in whom, be- 
cause the digits are prone to vasospasm, there 
is unusual vulnerability to pain during and after 
chilling. 

Cineradiography in Man. J. V. Warren, 
M.D., H. S, Weens, M.D. {by invitation), 
R. L. McWhorter, Jr., M.D. and H. L. 
Murray, M.D., Atlanta, Georgia. 

From the Departments of Physiology, Radi- 
ology and Medicine, Emory University 
School of Medicine. 

The development of a means for recording an 
x-ray image by motion pictures, cineradiog- 
raphy, has been hampered by various technical 
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difficulties. Since many body activities occur 
quite rapidly, slow motion filming is desirable 
but increases the technical problems. Recent 
reports from this laboratory have described a 
cineradiographic method for the study of small 
animals. This technic has been modified to 
provide a relatively simple and practical method 
for cineradiography in man. 

The so-called indirect method is employed in 
which the image produced on a fluoroscopic 
screen is photographed with a motion picture 
camera. An x-ray generator of high energy' 
output is used in conjunction with a heavy duty 
rotating anode tube. The fluoroscopic screen is 
incorporated in one side of a telescopic, light- 
tight wooden box. The opposite side of the box 
is a sheet of lead through the center of \vhich 
there is an aperture for the camera lens. Both 
16 and 35 mm. motion picture cameras with 
large aperture lenses and high speed film have 
been used. This apparatus permits the photo- 
graphing of the fluoroscopic image in an 
illuminated room and gives considerable flexi- 
bility in operation. Measurements have shown 
that the radiation received by the patient is not 
excessive providing the exposure is not prolonged. 

Studies already carried out demonstrate 
several possible fields of application. The 
motions of bones and joints can be clearly 
recorded. By making slow motion films during 
the swallowing of a barium mixture, the passage 
of the bolus through the pharynx and esophagus 
can be observed. Cine-angiocardiograms (films 
of the heart and great vessels during the injection 
of contrast media) have also been made. In 
addition to providing a means of actually 
visualizing the passage of the material through 
the heart and great vessels frame by frame 
analysis provides a means of accurately studying 
various events in the cardiac cycle. 

Differentiation of the Continuous Mur- 
mur OF Patent Ductus Arteriosus from 
THE To AND Fro Pulmonic Murmur. 
A. L. Hyman, M.D., Louis Levy, II, M.D., 
Edgar Hidl, M.D. {by invitation) and 
Richard Bagnetto, M.D., Lfew Orleans, 
Louisiana. 

The presence of a patent ductus arteriosus 
must be considered when a systolic and diastolic 
murmur are heard at the second left intercostal 
space; however, there are certain characteristics 
which differentiate the continuous murmur of a 
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patent ductus arteriosus from the to and fro 
murmur produced by pulmonary artery or 
valvular disease. 

The to and fro murmur heard in five patients 
with pulmonary valve or artery disease is con- 
trasted with the continuous murmur produced 
by patent ductus arteriosus. These patients had 
cardiac catheterization and peripheral arterial 
oxygen studies in addition to routine work-ups 
including sound tracings. One patient had 
congenital isolated pulmonary valve stenosis and 
insufficiency, two had acquired congenital 
isolated pulmonary valve stenosis and insuffi- 
ciency, one on a rheumatic and one on an 
endocarditis basis, and two patients had pul- 
monary artery aneurysms. 

The machinery murmur of a patent ductus 
arteriosus is continuous throughout systole and 
diastole in most cases. It may occasionally fade 
out in late diastole; however, it should almost 
always tend to continue past and obscure the 
second sound. On the other hand, a to and fro 
murmur found in pulmonary artery and 
valvular disease consists of a systolic crescendo 
murmur, usually a second sound, and a diastolic 
decrescendo murmur with a pause between the 
two phases. The continuous murmur tends to 
have the same quality throughout with in- 
creased intensity in systole, whereas the to and 
fro murmur usually tends to be low-pitched and 
rough in systole and high-pitched and blowing 
in diastole. 

Preliminary Studies on the Assay of 
Lactogenic Hormone in Human Urine. 
Richard L. Coppedge, M.D. {by invitation) 
and Albert Segalqff, M.D., New Orleans, 
Louisiana. 

From the Departments of Physiology and 
Medicine of the Tulane University of 
Louisiana and the Endocrine Research 
Laboratories of the Alton Ochsner Medical 
Foundation. 


Riddle and Bates have shown that the weights 
of excised crop-sacs of pigeons are proportional 
to the amount of systemically administered 
prolactin. The local method of Lyons, modified 
by Hall, compares the two crop-sacs of the same 
pigeon after intradermal injection of a known 
prolactin standard over one sac and an un- 
known over the other. 

In our procedure, prolactin was extracted 
from twenty-four-hour urine specimens by 
multiple acid-alcohol precipitations and dialysis 
against 0,5 per cent saline. Assay by the local 
technic, at first the only method used, did not 
prove entirely satisfactory as the prolactin 
response was often obscured by a non-specific 
inflammatory reaction. Systemic assay, employ- 
ing intravenous injection, gave results which 
correlate satisfactorily with those of local assay. 
In both methods injections were made daily for 
four days and the animals were sacrificed on 
the fifth day. 

Local assays on four normal women revealed 
a urinary prolactin excretion of < 25 I.U. to 
100 LU./24 hours, with no consistent change 
accompanying various phases of the menstrual 
cycle; of these subjects two nulliparae were 
consistently lower than two who had borne 
children. One male had values of 50 and 
100 LU./24 hours. 

Assays by the local technic revealed assayable 
values within the range of our few normals in 
three cases of pituitary tumor, in hirsutism 
(two cases), precocious puberty (one) and 
advanced breast carcinoma (five). Lorv values 
were obtained in three patients with fibro- 
myomata uteri, in endometriosis (one), bilateral 
testicular atrophy (one), Sheehan’s syndrome 
(one) and breast carcinoma (two). Elevated 
values were found in Cushing’s syndrome due to 
adrenal carcinoma (one case), precocious pu- 
berty (one), chronic cystic mastitis (one) an 
breast carcinoma (two). 
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Case Reports 


Chronic Pancreatitis* 

Russell D, Williams, m.d. 
Monlerey, California 


P ANCREATIC disease is still surrounded 
by mystery. The present concept of 
the pathologic physiology of acute 
pancreatitis is at best a working hypothesis. 
The changes seen at operation vary from 
slight edema to severe fat and vascular 
necrosis and are thought of as resulting 
from varying degrees of duct obstruction. 
Such obstruction, with or without attendant 
infection, is considered responsible for the 
escape of lipolytic and proteolytic enzymes 
into the interstitial tissue of the gland and 
into the surrounding tissues. 

The causes of the obstruction are fre- 
quently obscure. Evidence to support the 
“common channel” hypothesis, which is 
anatomically possible in about 50 per cent 
of cases, is not often found. Metaplasia of 
the epithelium of the ducts apparently does 
not answer the question either in the 
majority of cases although perhaps it is not 
looked for with sufficient diligence. An 
unduly thick and viscous type of mucus has 
been shown to cause the obstruction in the 
chronic cystic fibrosis of infants and children 
but has never been demonstrated in adults. 

The exact mechanism by which the 
enzymes escape from the ducts is equally 
obscure. Pressures built up by glandular 
secretions are not enough to produce 
rupture of even the smallest ducts. The 
answer to the problem may lie in the fact 
that the active part of the enzyme is loosely 
bound to a large colloidal carrier. Agren* 
has suggested that under conditions of 
increased acidity, increased enzyme con- 
centration and increased pressure it is 
possible that the small active group becomes 


dissociated from its carrier and passes 
through membranes into the capillaries 
and into the interstitial spaces where it then 
finds another carrier. Such a method of 
passing through tissue barriers has been 
demonstrated in other enzyme systems. 

Chronic pancreatitis appears in forms 
even more difficult to bring together into a 
single dynamic concept. Recently Com- 
fort^ has written an excellent review of a 
syndrome which he calls chronic relapsing 
pancreatitis. The term indicates repetitive 
attacks of pancreatic pain, with or without 
such signs of acute inflammation as fever, 
leukocytosis and elevated serum amylase or 
lipase. Sooner or later the results of destruc- 
tion of the gland may occur in the form of 
steatorrhea, diabetes or calcification. This 
picture describes the natural history of an 
organ affected by disease processes. It 
focuses attention on a clinical syndrome 
rather than on individual pathologic enti- 
ties and thus corresponds to the concept of 
Bright’s disease as contrasted with the 
various forms of nephritis. 

Certain types of chronic pancreatitis vary 
sufficiently from each other to warrant a 
tentative separation. Although an obstruc- 
tive factor may underlie all forms, variations 
in the type and location of the obstruction 
may be responsible for varying clinical and 
pathologic pictures. Thus there are the 
various kinds of cysts which arc sufficiently 
large to become surgical problems. There 
is the mass of fibrous tissue which simulates 
carcinoma not only in its clinical manifesta- 
tions but even at operation and on frozen 
section. There is the pancreatic lithiasis 
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which behaves very much like its counter- 
part, cholelithiasis, in that symptoms may 
be present or absent. And there is the 
childhood form known as chronic cystic 
fibrosis. 

Recently another type has been sepa- 
rated tentatively from the hodgepodge of 
chronic diseases of the pancreas. This has 
been termed “disseminated calcification of 
the pancreas,” and Wirts and Snape^ have 
written a good review of the subject. In 
general the symptoms and signs are those 
of chronic relapsing pancreatitis: attacks of 
epigastric pain, manifestations of insuffici- 
ency of various functions of the gland and 
evidence of fine stippled calcification. The 
picture may differ, however, from the usual 
pancreatic lithiasis in several ways: (1) Its 
incidence is much lower. The incidence of 
pancreatic lithiasis of all types is hard to 
determine because it will vary with the 
interest of the observer. Thus in several 
large series of routine autopsies the figures 
are given as from 0.04 per cent to 0.1 per 
cent whereas if x-rays and careful dissection 
are done the incidence rises to something 
over 5.0 per cent. Only twenty-five cases 
of “disseminated” pancreatic calcification 
have been reported as such, but this is not 
a true measure of its incidence as some 
authors^ have not considered it a separate 
entity. (2) It has been stated that the 
calcification occurs at a somewhat younger 
age than the usual pancreatic lithiasis. 
Again exact figures are hard to gather be- 
cause the age at which symptoms began 
is not always given in reports. (3) The 
calcification as seen by x-ray is a diffuse 
stippling or mottling involving various 
portions of the gland. It is thus quite differ- 
ent from the typical pancreatic lithiasis 
which is described usually as multiple cal- 
culi irregular in shape and size, occasionally 
as single calculi or multiple faceted calculi 
and rarely as casts of the ducts. (4) Biopsy 
and autopsy specimens show extensive re- 
placement of the parenchyma by fibrosis, 
with varying degrees of dilatation of the 
larger ducts and more constant dilatation 
of the finer ducts. The minute calculi extend 


throughout the duct system into the finest 
radicles. Occasionally larger calculi arc 
present in the larger ducts. Further careful 
histologic studies will be necessary to deter- 
mine whether this picture actually repre- 
sents a disease process distinct from the 
more usual type of lithiasis and from other 
forms of chronic pancreatitis without calci- 
fication. For the present it would seem 
worth while to consider it a different 
disease process. 

The following case is an example of this 
type of chronic pancreatitis. It illustrates 
almost all the points which various authors 
have made about chronic pancreatic disease. 
In particular it shows the difficulties of 
establishing the diagnosis and how the 
effect of long continued “hidden” pain can 
produce a picture practically indistinguish- 
able from a psychoneurosis. 

CASE REPORT 

D. M., a thirty-five year old white male, was 
admitted to the Veterans Administration Hos- 
pital, Topeka, Kansas, in August, 1946 because 
of a psychosis due to bromide intoxication. 

His past history was not remarkable. There 
had been the usual childhood diseases, including 
pertussis and mumps, and the usual number of 
respiratory infections. He had been somewhat 
“scrawny” but in general his physical health 
had been good. Emotionally, however, his 
childhood had been rather stormy. His parents 
separated when he was eight months old and 
he lived with his mother and grandmother. 
There ^vere frequent arguments and frequent 
moves from one place to another. Later, during 
the depression years, the patient worked at 
many different jobs and was unemployed at 
times. He was twice married. The ^\'ar came 
along when for the first time he was beginning 
to have a feeling of some security in his job 
and married life. 

At the Army induction examination in 194- 
the rack of blood tubes was dropped and^no 
attempt was made to recall the men. In 1943 a 
Wassermann test taken during a routine ex- 
amination was positive. At this time his w 1 c 
and child were checked and were negative. 
He was advised that he had congenital syphilis 
and that no treatment was indicated. On sepa- 
ration from the Army his \Vassermann test was 
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again positive. During his military service he 
made a good record and became a technical 
sergeant. From May, 1943 to June, 1945 he 
was in the China-Burma-India Theater of 
Operations. During this period he began to 
notice vague abdominal aching and discom- 
fort. This gradually became more bothersome 
and was associated at times with equally vague 
symptoms of “indigestion.” On two occasions 
the pain became severe enough to require 
hospitalization. During the second hospitaliza- 
tion in the spring of 1945 he received the usual 
investigative studies, including stool examina- 
tions and a gastrointestinal x-ray. He was told 
that his pain was due to a psychoneurosis. 

Following his separation from the service in 
September, 1945, his wife left him and he be- 
came somewhat depressed. Shortly thereafter 
he was hospitalized with pneumonia in the 
Veterans Administration Hospital, Wadsworth, 
Kan. Here he was found to have positive 
serologic tests for sjqshilis in both blood and 
spinal fluid. After the pneumonia cleared he was 
therefore held for malarial therapy but a chronic 
productive cough persisted. Because of this, 
malarial therapy was deemed inadvisable and 
he was given 6 million units of penicillin. 

^Vhile he was still in the hospital, he developed 
a pleural type of pain in his lower posterior chest, 
sometimes on one side and sometimes on the 
other. He also developed a deep, aching sub- 
stemal pain, diffuse in character, and referred 
at times to the left shoulder and throughout the 
ulnar nerve distribution of the left arm. This 
substernal pain seemed to represent an up^vard 
spread of the abdominal discomfort which had 
been present to some degree for the previous 
two years. It was apparently related to his 
esophagus because fluids seemed to “stick in his 
throat” at times, with accentuation of the pain. 
Solid food was chewed well and swallowed 
without discomfort but he was inclined to gulp 
his fluids. Belching relieved the pain to some 
degree. 

On leaving the hospital in March, 1946 his 
condition was as follows: he had a chronic, 
somewhat productive cough; mild to moderate 
radicular pain in the lower posterior chest; mild 
abdominal discomfort and mild to severe sub- 
sternal aching with ulnar radiation at times; he 
^v'as weak and he tired easily. 

Shortly thereafter he received from a private 
physician a prescription for neurosine which 
he continued to take in steadily increasing 
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amounts without further medicaDadvice. In 
August 1 946 he became confused, quit his job 
and \vas picked up a few days later wandering 
about the streets of Kansas City in a completely 
disoriented state. He was admitted to the 
Veterans Administration Hospital, Topeka, 
Kan., two days later. He was confused and dis- 
oriented and showed bizarre neurologic findings. 
The blood bromide level a few days later was 
175 mg. per cent. Serologic tests for syphilis were 
again positive in both blood and spinal fluid; 
the spinal fluid protein was 126 mg. per cent 
and the colloidal gold curve 0001221000. An 
x-ray of his chest showed increased broncho- 
vascular markings in the lower lung fields which 
were more noticeable on the right side. Other 
routine examinations showed no abnormalities. 

A month later the psychosis had entirely 
disappeared and the patient was transferred to 
the medical service. Here he was given another 
course of penicillin, 4.8 million units, and sub- 
jected to that somewhat nebulous regimen 
known as building-up. Because of his continued 
complaints, chiefly of radicular and substernal 
pain, he was thought to be psychoneurotic and 
therefore transferred to the open-ward psychia- 
tric service. Here certain psychologic abnormali- 
ties were elicited such as fear of being watched, 
fear of being in groups, fear of having people 
behind him, undue dependency on his mother, 
a tendency toward alcohol and drug addictions 
and gastrointestinal symptoms. It was thought 
that these symptoms existed prior to military 
service and had been aggravated by his period 
of service. He was presented at a psychiatric 
conference and a diagnosis of psychoneurosis, 
mixed type, was made. 

In November, 1946 his father died and the 
patient was furloughed for ninety days. He 
returned to the hospital in February, 1947, 
prior to the date of expiration of the furlough, 
acutely ill, coughing up a moderate amount of 
bright red blood and with signs of fluid at the 
base of his left lung. His temperature was 101 °f. 
and the leukocyte count 16,800. Thoracentesis 
yielded clear brownish fluid in which a filmy 
reddish web formed on standing. The white 
cell count of this fluid was 468 with 98 per cent 
pol\Tnorphonuclears. Both smear and culture 
were negative. The reddish color of the fibrin 
web was due to the presence of red blood cells 
entangled in its strands, and the brownish fluid 
gave a strong positive reaction with benzidine. 
X-ray of the chest showed a moderate amount 
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of fluid on the left and the previously noted 
accentuation of the bronchovascular markings 
on the right. 

In the subsequent month his chest cleared. 
He continued to have episodes of hemoptysis 
and fever but these progressively decreased in 
severity and after three months ceased entirely, 
leaving only the chronic cough which had been 
present for two years. At this point he presented 
quite a diagnostic problem. The clinical im- 
pression was that he had bronchiectasis but 
lipiodol bronchograms showed no evidence of 
this, in the lower lobes at least. Bronchoscopy, 
done unfortunately at a time when he was not 
bleeding, was equally negative. Because of the 
hemoptysis and pleural fluid with some blood 
in it plus his stay in the Orient, the possibility 
of paragonimiasis was entertained, but repeated 
searches of sputum and stools failed to show any 
ova. Smears and cultures were likewise negative 
for tuberculosis and pathogenic fungi. 

Throughout this period the radicular pains 
in the lower posterior chest had persisted. Two 
bands of mild hyperesthesia were demonstrable, 
one from the fourth to the eighth thoracic and 
a more pronounced one from the eighth to the 
twelfth thoracic vertebrae. The substernal ach- 
ing had likewise persisted and at times had been 
severe. The character of this pain, its radiation 
to the neck and left arm and its association with 
a feeling that a belch was imminent made it 
relatively certain that it was due to esophageal 
spasm. Repeated electrocardiograms were nor- 
mal and the pain ^vas not related to e.xertion. 
To a certain degree emotional disturbances 
seemed to aggravate the pain. Belladonna in 
doses to tolerance seemed to lessen its severity 
but did not abolish it. A gastrointestinal series 
showed normal mucosal markings in the esopha- 
gus, no evidence of cardiospasm or hiatus hernia 
and a normal stomach and duodenal cap. 
Stippled calcification was noted in the left upper 
quadrant and interpreted as a mesenteric node. 
Esophagoscopy during an episode of pain was 
indicated but was not feasible. Spinal fluid 
e.xamination nows honed no abnormalities. Be- 
cause he was obviously ill he ^vas kept in the 
hospital although no diagnosis had been 
established. 

Psychologic testing was carried out utilizing 
a battery of six tests. In summary, these showed 
a very intelligent, mildly neurasthenic person 
with some tendency toward compulsiveness and 
with some introversive trends. The presence of 


an underlying psychosis or severe neurosis was 
not indicated. In essence he was as “normal” 
as most of us and probably more so than many 
of us. When questioned about the previously 
elicited psychoneurotic symptoms, such as fear 
of being watched and so forth, he replied, “IVhy. 
everybody feels some of those things at some 
time during their life. I ^vas convinced I was a 
psychoneurotic, and they asked me about those 
things so I told them.” 

Toward the end of April, three months after 
re-admission, his sedimentation rate (Wintrobe 
method) rose to 30 and his white count to 
15,000. Two weeks later he suddenly developed 
severe, constant, upper abdominal pain ^vhich 
lasted for ten days and then disappeared as 
suddenly as it had come. The patient said that 
this was exactly like the ttvo previous episodes 
he had had in China three years previously. 
The pain was not sharply localized but was felt 
in the upper abdomen a little to the left of the 
midline. It radiated through to the back at 
about the level of the third lumbar rather more 
on the left side than the right. The pain w'as very 
severe at times and was relieved only by opiates. 
During the first five days of the ten-day period 
there was considerable vomiting, and intermit- 
tent nausea and severe constipation persisted 
throughout. For three days, about the middle 
of the attack, his temperature rose to 100 to 
101 “f. At no time was the abdominal e.\'amina- 
tion remarkable, save for constant deep tender- 
ness in the left upper quadrant. 

Within a week after the sudden termination 
of the abdominal pain, he began to notice 
gradually increasing thirst and increasing fre- 
quency of urination. After two weeks this became 
sufficiently marked so that he complained of it. 
His urine sugar was then found to be 4 plus and 
his fasting blood sugar 348 mg. per cent. He 
was placed on 20 units of protamine zinc insulin 
which at that time adequately controlled the 
diabetes. It now appeared that the patient must 
have pancreatic disease and that this could 
explain the whole picture. 

Further x-ray studies showed a normal func- 
tioning gallbladder and normal renal shadows 
by the intravenous method. A small inteslina 
study revealed a marked abnormality in the 
jejunum and ileum, with segmentation, loss 0 
mucosal markings, areas of spasm and of dila- 
tation, “puddling” of the barium and slight 
delay in gastric emptying. Films in various 
positions showed the previously noted area o 
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diffuse mottled calcification in the left upper 
quadrant and in addition another similar area 
overlying the second lumbar vertebrae just 
within the curve of the first and second portions 
of the duodenum. (Fig. 1.) The two areas of 
disseminated calcification lay, therefore, within 

Table i 

RESPONSE TO SECRETIN THE FIGURES REPRESENT THE 

TOTAL OUTPUT FOR AN EIGHTY-MINUTE PERIOD 
FOLLOWING INTRAVENOUS INJECTION OF SECRETIN, 

1 UNIT PER KG. 



Vo!. 

cc./Kg. 

Bicar- 

bonate 

m.Eq./ 

L. 

Trypsin 

(units/ 

Kg.) 

j 

Amy- 
lase* j 

1 

1 

Lip- 
ase t 

Control 






Case. . . 

5.3 

118 

1 45 

9 4 

1570 

Patient. . . 

1 2 

12 

0.24 

0 49 

89 


* Amylase figures represent Gm. of dextrose liberated. 

t Lipase figures represent the volume of N/1 0 base 
required to neutralize butyric acid liberated from 
tributyrin substrate. 

the area occupied by the pancreas, one in the 
region of the head and the other somewhere 
beyond the mid-portion. Repeated stool ex- 
aminations showed a rather soft and mush-stool 
of normal color and in no sense foamy or oily. 
Microscopic examinations, however, constantly 
showed a moderate amount of free fat, numer- 
ous fatty acid crystals and frequent particles of 
undigested meat fibers. Blood cholesterol was 
261 mg. per cent; calcium, phosphorus and 
phosphatase determinations were within normal 
limits; cephalin-cholesterol flocculation test was 
negative. Blood amylase and lipase determina- 
tions were done repeatedly, particularly at the 
onset of subsequent attacks, but they were 
always normal. A secretin test showed very 
marked diminution in all the functions of the 
gland. The test was carried out according to 
the method of Agren,^’'^ using a double lumen 
tube so as to maintain constant gastric as well 
as duodenal aspiration. This not only eliminates 
the stimulating effect of gastric acid on pan- 
creatic secretion but also provides a means of 
checking on any possible reflux of duodenal 
contents into the stomach. (Table i.) 

He was given pancreatin 10 Gm. daily, large 
doses of the fat-soluble vitamins, and a “sprue 
diet high in protein and free sugar and low in 
starch and fat. At any given time the diabetes 



Fig. 1. Right anterior oblique view showing diffuse 
stippled calcification in the head and body of the 
pancreas. 


could be well controlled with insulin, but suc- 
cessive bouts of abdominal pain, anorexia and 
vomiting necessitated frequent drastic shifts in 
both diet and insulin. 

He was again furloughed in September, 1947 
but another attack of pain in October necessi- 
tated hospitalization this time in the Veterans 
Administration Hospital, Montgomery, Ala. 
Physical findings were essentially unchanged 
and a bronchogram was again normal. Bilateral 
sympathetic block with procaine from the tenth 
thoracic to the first lumbar vertebrae, inclusive, 
afforded complete relief of pain for three hours. 
A subsequent block from the eighth to the tenth 
thoracic vertebrae gave very little relief. 

The patient returned to the Veterans Hos- 
pital, Topeka, in December, 1947, with the 
clinical picture unchanged save that he now 
required 40 to 50 units of insulin to control his 
diabetes. Abdominal pain continued to occur at 
intervals of a fetv weeks. Between attacks he ivas 
asymptomatic save for the constant mild back 
pain. For several days he had swelling and 
tenderness of both submaxillary glands as well 
as a rather dr>^ mouth. He stated that this was 
the third such episode. X-rays of the glands 
showed no abnormalities. 
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COMMENTS 

Without entering into a discussion of all 
the problems concerned, I would like to 
stress certain points: 

1. Pancreatic pain may be present for 
years without demonstrable abnormalities 
revealed by routine methods of examination. 
There are several reports in the literature 
of patients who were erroneously considered 
to be psychoneurotic, a mistake which is 
particularly likely to occur when emotional 
disturbance is suggested by the life history, 
or by the presenting personality of the 
patient.^"® Pratt^® states that he returned 
five such patients to referring physicians as 
psychoneurotics before he became suffi- 
ently aware of the hidden nature of pan- 
creatic disease. The vagaries of the pain 
itself contribute to the likelihood of such an 
error. It is described as characteristically a 
deep boring epigastric pain occurring in 
attacks over months or years, with nausea 
and vomiting, usually unassociated with 
meals, often aggravated by alcohol and 
requiring morphine for relief. But the pain 
may be a constant dull ache in the epi- 
gastrium or left upper quadrant or it may 
be felt primarily in the back. It may be in 
the right upper quadrant and may radiate 
to either of the lower quadrants. Involve- 
ment of a particular portion of the gland is 
presumably responsible for these distribu- 
tions. Thus disease in the tail of the pan- 
creas is often associated with pain which 
radiates upward into the substernal region 
and the ulnar distribution of the left arm. 
In some instances eating will aggravate the 
pain, and occasionally the associated reflex 
disturbance of the gastrointestinal tract 
may be so striking that comparatively mild 
pancreatic pain is overlooked. The pain is 
usually not a colic but a steady plateau 
type of deep pain. What actually causes the 
pain remains a complete mystery. A sug- 
gestion arises from pathologic studies of the 
gland which have shown a perineural in- 
flammatory process at times, 

2. The frequent association of alcoholism 
with chronic pancreatic disease is often 
commented on. Among alcoholics in gen- 


eral, evidence of pancreatic disease is more 
frequent at autopsy than among non- 
alcoholics. It remains a moot question as to 
whether alcoholism has a specific effect on 
the gland or is damaging because of 
associated vitamin deficiencies. Alcohol is 
said to be a potent stimulus to pancreatic 
secretion but I am aware of no studies to 
show whether its effect is primary or 
secondary due to its stimulating effect on 
gastric acid secretion. 

3. Several authors have stressed tire fact 
that calcification may not be seen on a 
routine “flat plate” of the abdomen. In this 
instance the calcification in the body of the 
pancreas was dismissed, first as barium in 
the jejunum and later as mesenteric nodes. 
The calcification in the head overlay the 
vertebral bodies and was not seen. Oblique 
and lateral films are necessary as well as 
postero-anterior films taken ^vith specific 
technics to bring out small areas of calcifi- 
cation. Most students of the problem con- 
sider stone formation the result and not the 
cause of the disease. This accords with 
general views on stone formation elsewhere 
in the body but- does not imply that the 
presence of the stone may not be responsible 
for subsequent further damage. 

4. The abnormal small intestinal pattern 
by x-ray, which goes by the very inadequate 
name of “deficiency pattern,” has been 
described many times, particularly by 
Golden “ and Mackie.^" It is found charac- 
teristically whenever fat absorption is im- 
paired for any reason, whether due to 
enzyme deficiency in pancreatic disease, 
bile deficiency in obstructive jaundice or 
“X” deficiency in sprue. But at times it is 
also found in such apparently unrelated 
conditions as experimental B complex 
deficiencies, nephrosis, mesenteric lympha- 
denitis and intra-abdominal carcinoma. 
In dogs it can be produced by plasma- 
pheresis. In rats a state of rage is accom- 
panied by the “deficiency pattern.” B 
occurs normally in the newborn infant. 
Recently it has been found to occur very 
frequently in gastrointestinal disturbances 
of psychogenic origin. In certain instances 
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prostigmine will produce a return to a 
normal pattern. The so-called “deficiency- 
pattern” therefore represents what is proba- 
bly a disturbance in motility resulting from 
many different causes. 

5. Clironic cystic fibrosis of the pancreas 
is a disease of infancy and childhood. 
Clinically, the patients are divided into 
three groups; (1) those dying within the 
first few weeks of life of meconium ileus, 
(2) those dying in the first year of bronchitis, 
bronchiectasis or pneumonia but with 
nutritional disturbances in the background 
and (3) those surviving longer and develop- 
ing the picture of coeliac disease to a greater 
or lesser degree but dying of respiratory 
disease. (Pancreatic deficiency due to con- 
genital abnormalities such as stenosis or 
atresia of the duct forms a separate group.) 
Pathologically, these cases show dilatation 
of the ducts, inspissation of secretions, 
acinar atrophy and fibrosis. The liver shows 
the fatty changes so frequent in pancreatic 
disease and rarely an unusual form of 
biliary cirrhosis which resembles the pan- 
creatic changes. Inspissation of secretions 
in ducts and acini of other glands is found 
if specifically looked for. It is found in the 
salivary glands, in the mucous glands of the 
tracheobronchial tree, esophagus, and gall- 
bladder and is “so frequent it must be 
regarded as a characteristic feature of the 
disease.”^® The theory of a primary disorder 
in glandular function is supported by the 
fact that cases of proven pancreatic defi- 
ciency with the celiac syndrome may show 
at autopsy only inspissation, without fibro- 
sis, atrophy or dilatation of the ducts. 
Blackfan has suggested that this syndrome 
may be due to an abnormality of the 
parasympathetic system, with production 
of an unusually thick secretion in various 
glands. 

The inference that the primary changes 
in disseminated calcification of the pancreas 
occur in the small ducts, as evidenced by the 
location of the calcium deposits, has sug- 
gested to Wirts® and others that this may 
represent a milder and long continued form 
of the childhood disease. The variations in 
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out, particularly the third or oldest group, 
suggest that logically there should be a 
fourth group in which the disease process 
goes at an even slower rate, producing 
symptoms only in later life. Bronchiectasis 
has been looked for with this in mind but 
has not been found. Pulmonary disease in 
general, however, occurs in high incidence 
in the disseminated calcification group. 

Certain symptoms in the present case 
support such an analogy. Bronchiectasis 
was never demonstrated, in the lower lobes 
at least, but the clinical picture was very 
characteristic. Certainly the patient had 
had a chronic lower respiratory tract 
abnormality for the previous two years. 
Likewise, the bouts of submaxillary gland 
swelling with episodes of dryness of the 
mouth suggest an abnormality of the 
salivary glands. 

It was believed that syphilis was not 
responsible for the pancreatic disease in 
this case for several reasons, chief among 
them being the absence of syphilis in 
similar cases. 

6. The therapeutic management of the 
trio of (1) episodic pain with vomiting, (2) 
pancreatic deficiency and (3) diabetes is 
difficult. Addiction is a constant problem 
because significant relief of pain is obtained 
only with generous doses of opiates. The 
various antispasmodic drugs, even in large 
doses, are of no use whatever. Fat absorp- 
tion can be materially increased by pan- 
creatin; the industrial detergents may prove 
of equal or greater value. Diet and hence 
insulin requirements may be in a constant 
state of flux if attacks with vomiting occur 
with any frequency. The only reported 
case in which the rational procedure of 
severing the sensory fibers of the pancreas 
was carried out is that of Reinholf and 
Baker. Bilateral sympathectomy from the 
fifth thoracic to the second lumbar ganglion, 
together with vagotomy, provided com- 
plete relief of pain and changed a chronic 
addict of years’ standing with a “psycho- 
pathic personality” back into a useful 
citizen. To date our patient has refused 
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operation although his course for the past 
two years has been that of a totally in- 
capacitated invalid. 

SUMMARY 

A case of disseminated calcification of 
the pancreas is reported. The question of 
justification for such a clinical entity is 
briefiy discussed and its possible relation- 
ship to chronic cystic fibrosis of childhood 
is considered. The case demonstrates certain 
aspects of chronic pancreatic disease in 
general which are of importance, such as 
the frequent confusion with psychoneurosis, 
the ease with which the diagnosis may be 
missed by x-ray and the difficult therapeutic 
management of the fully developed symp- 
tom complex. 
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Megaloblastic Bone Marrow in Liver Disease* 


E, R. Movitt, m,d. 
Oakland, California 


M egaloblastic bone marrow is found 
characteristically in patients with 
Addisonian anemia. The same 
type of bone marrow has been found also 
in association with macrocytic anemias of 
tropical and non-tropical sprue, idiopathic 
steatorrhea, celiac disease, pernicious anemia 
of pregnancy, “tropical” or nutritional 
macrocytic anemia and in some instances 
of intestinal strictures and fistulas between 
the different loops of bowel. Added to this 
list is a rare type of macrocytic anemia 
which has all the hematologic aspects of 
pernicious anemia, including megaloblastic 
bone marrow, but differing from the 
classical Addisonian anemia by absence of 
glossitis, achlorhydria, gastrointestinal dis- 
turbances and central nervous system in- 
volvement. The course is chronic and 
progressive in spite of liver therapy. The 
name of achrestic anemia has been given 
to this disorder on the hypothesis that the 
condition in these cases was the result of 
failure to utilize the antipernicious anemia 
principle.^ Recently megaloblastic bone 
marrow has been described in certain cases 
of macrocytic anemia of an unknown non- 
dietary deficient etiology observed in in- 
fants under one year of age.^ 

Megaloblastic anemias may be classified 
etiologically into several main groups. The 
orientation for this classification is based on 
Castle’s hypothesis of normal erythropoiesis. 
It will suffice to mention briefly that 
according to this hypothesis the maturation 
of the primitive erythroblasts is dependent 
upon the presence of an “anti-anemic 
principle” which is elaborated in the 
stomach from the interaction of an “intrinsic 


factor” secreted by the gastric mucosa with 
an extrinsic factor present in certain protein 
constituents of the diet. The anti-anemic 
principle is believed to be absorbed in the 
upper part of the small intestine and is 
presumably stored in the liver. It has been 
suggested by some investigators® that the 
liver may not act merely as a storage depot 
but may also participate in the final elabora- 
tion of the anti -anemic principle. It appears 
that some support for this assumption has 
recently been provided'* in the ingenious 
experiments with Amblystoma embryos in 
which removal of the liver anlage has been 
found to result in the development of 
anemia unaffected by liver therapy whereas 
the grafting of liver slices into the tails of 
the animals has resulted in restoration of 
hematopoiesis. The various etiologic classi- 
fications have been set up as follows: (1) 
Defective formation of the intrinsic factor; 
Addisonian pernicious anemia. (2) Defective 
intake of the extrinsic factor; nutritional 
anemias (“tropical” anemias). (3) Defective 
absorption of the anti-anemic principle; 
tropical and non-tropical sprue, idiopathic 
steatorrhea, celiac disease, gastrocolic fistula. 
(4) Defective storage and/or elaboration of 
the anti-anemic principle; liver disease, 
chronic (cirrhosis). (5) Defective utilization 
of the anti-anemic principle? “achrestic 
anemia,” megaloblastic anemia in children. 

Such a classification is, of course, pro- 
visional, in parts highly theoretical and 
subject to criticism. For example, under 
what category should one place the megalo- 
blastic anemia of pregnancy and puer- 
perium? Is it due to reduced intake of the 
extrinsic factor consequent upon poor appe- 


* From The Veterans Administration Hospital, Oakland, Calif. Published with permission of the Chief Medical 
Director, Department of Medicine and Surgery. Veterans Administration, who assumes no responsibility for the 
opinions expressed and conclusions drawn by the author. 
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tite and nausea? Is it caused by impaired 
absorption of the anti-anemic principle 
from the small intestine due to altered 
hydrogen ion concentration of its contents? 
Or is it due to only a relative decrease in 
the amount of the available anti-anemic 
principle conditioned by the increased 
demand for it by the fetus? 

The assumption that the liver plays an 
important role in the storage and possibly 
even in the elaboration of the anti-anemic 
principle would lead one to expect the 
occurrence of megaloblastic anemia in 
chronic hepatic disease. There are numer- 
ous references in the literature to macro- 
cytic anemia found in association with 
chronic diseases of the liver, particularly 
cirrhosis. Wintrobe® has found in a series 
of 132 cases of different forms of liver 
disease the presence of macrocytic anemia 
in 21.9 per cent, mostly in patients with 
cirrhosis. The bone marrow in these cases 
was described as hyperplastic although the 
red cell count was rarely below 2,500,000 
per cu. mm. Wintrobe® also stated that in 
some patients with diseases of the liver the 
anemia resembled that seen in Addisonian 
anemia and that “oval macrocytes like 
those seen in pernicious anemia are found.” 
While it is now generally recognized that 
macrocytic anemia may be encountered 
in association with cirrhosis of the liver, the 
frequency of this finding varies in different 
reports. The red cell counts usually range 
from 2,500,000 to 3,500,000 per cu. mm. 

In a recent report' on nineteen patients 
with liver disease nine (47.4 per cent) had 
macrocytic anemia, six (31.6 per cent) 
normocytic anemia and four (21 per cent) 
had no anemia. Of the patients with 
macrocytic anemia four had atrophic and 
two hypertrophic cirrhosis, two had hepati- 
tis and one carcinoma of the liver secondary 
to carcinoma of the pancreas. No patient 
in the entire series had nucleated erythro- 
cytes in the peripheral blood and only one, 
who \vas believed by the authors to have 
sprue in addition to cirrhosis, had megalo- 
blastic bone marrow. The red cell counts 
ranged from 2.80 to 3.99 million and the 


intensity of the anemia was not related to 
the severity of the liver disease, but there 
was a positive correlation beUveen the 
degree of macrocytosis and the patient’s 
prognosis. Of the five patients with macro- 
cytic anemia in whom gastric analysis was 
done only one showed histamine-resistant 
achlorhydria. One had achlorhydria which 
was not histamine-resistant and the others 
had normal gastrie aeidity. Interestingly 
enough, irrespective of the outcome of the 
liver disease, therapy \vith liver extract 
resulted in reduction of macrocytosis and 
increase in red cell count. Similar observa- 
tions on the response to liver therapy have 
been reported by other \vorkers.^'“’’- In 
patients with eirrhosis, macrocytic anemia 
has been found to be more severe than in 
the normocytic type except in instances of 
massive hemorrhage from the esophageal 
varices. Microcytic anemia found in some 
patients with cirrhosis may be attributed to 
chronic loss of blood. 

In spite of the fact that the presence of 
macrocytic anemia in some patients with 
cirrhosis of the liver has become a part of 
common knowledge and that megaloblastic 
bone marrow could well be expected to 
be found in some of these patients, at least 
on theoretical grounds, reports to that effect 
have been lacking. Davidson and Davis® 
state that “The literature contains many 
other references to macrocytic anemia in 
association with cirrhosis and other diseases 
of the liver, but we know of no reports oj the 
sternal marrow morphology in such cases. Refer- 
ences to the bone marrow seen at autopsy 
commonly refer to its being hyperplastic, 
but detailed cytologie descriptions do not 
appear to have been published.” Thc.se 
authors make reference to the %vork of 
Higgins and Stasney® and Shumackcr and 
Wintrobe’® who have noted the production 
of experimental cirrhosis in animals to 
result in macrocy'tic anemia with a hy'per- 
plastic bone marrow picture stated to be 
similar to that seen in pernicious anemia 
without making it clear, however, wiicthcr 
it was actually megaloblastic. David.son 
and Davis conclude that: “There appears, 
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then, to be presumptive evidence that a 
megaloblastic anemia may occur in chronic 
severe liver disease.” 

The author has had the opportunity of 
observing megaloblastic bone marrow in a 
patient with cirrhosis of the liver accom- 
panied by severe maci'ocytic anemia. As 
the patient had free hydrochloric acid on 
gastric analysis, intact tongue papillae and 
failed to respond to liver extract the diag- 
nosis of Addisonian pernicious anemia could 
not be entertained. 

CASE REPORT 

A fifty year old white male stated that he had 
been in good health until five months before 
admission when he developed an upper respira- 
tory infection followed by pitting edema of the 
legs which would be present in the evening and 
disappear overnight. At the beginning of his 
illness he was first hospitalized elsewhere and 
was discharged eight weeks later. On leaving 
the hospital he still was rather tired and the 
edema of the legs, although not so marked as 
it was at the beginning of the illness, was still 
present and remained without much change 
until admission to this hospital. There were no 
significant gastrointestinal symptoms. The past 
history was not particularly remarkable except 
for chronic alcoholism. 

On examination the patient was seen to be a 
well developed but undernourished white male 
of about the stated age with slight icterus of the 
sclerae. There was no atrophy of tongue papillae. 
The heart and lungs were not remarkable. 
There was no engorgement of the cervical veins. 
The blood pressure was 110/80, pulse 68. The 
abdomen was distended, with shifting dullness 
in the flanks. A firm, non-tender liver could be 
felt by ballottement. There was moderate 
pitting edema of both legs and several spider 
angiomas over the upper anterior chest. Neuro- 
logic examination was negative. 

On admission the laboratory work revealed 
the following findings. Urinalysis: color, clear 
amber; reaction, acid; specific gravity, 1.009; 
albumin, negative; sugar, negative; sediment, 
some epithelial cells, a few white blood cells. 
A second urinalysis was also entirely negative. 
Red blood cells, 1.7 million; white blood cells, 
6,150 with 73 per cent polymorphonuclear 
leukocytes (70 segmented and 3 stab forms); 
lymphocytes, 23 per cent (20 small and 3 large); 
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Fig. 1. Photomicrograph of the bone marrow smear 
showing megaloblasts. 

monocytes, 1; eosinophils, 3. The blood smear 
showed some anisocytosis and poikilocytosis with 
slight polychromasia and stippling in addition 
to an occasional Howell-Jolly body. Reticulo- 
cyte count was 3 per cent. Erythrocyte mean 
corpuscular volume was 118 cu. microns and 
mean corpuscular hemoglobin was 38.5 micro- 
micrograms. Icterus index was 21 units and 
serum bilirubin 3.0 mg. per cent. The Kahn 
test was negative. Blood urea nitrogen ^vas 
18 mg. per cent. Total serum protein was 4.8 
Gm. per cent with albumin 2.7 Gm. per cent 
and globulin 2.1 Gm. per cent. Cephalin cho- 
lesterol flocculation was 2 plus in twenty-four 
hours and 3 plus in forty-eight hours. Bromsulfa- 
lein test showed 10.6 per cent retention of the 
dye in forty-five minutes (5 mg./Kg. dose). 
Gastric analysis after alcohol meal revealed the 
presence of free hydrochloric acid with 1 5 
degrees as the maximum. Roentgenogram of the 
chest revealed nothing of note. The bone marrow 
aspirated from the sternum revealed megalo- 
blastic proliferation, =" (Fig. 1) with the following 
differential count: myelocytes, 15: metamyelo- 
cytes, 10; polymorphonuclears, 40; eosinophilic 

* The bone marrow preparations were also studied 
by Dr. Harry W'yekoff (Stanford University School of 
Medicine) who confirmed our observations. 
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poJymorphonuclears, 1; lymphocytes, 1; niega- 
loblasts, 10; pro-erythroblasts, 4; normoblasts, 
12; megakaryocytes, 1. 

The patient was given liver extract intra- 
muscularly, 30 U.S.P. units daily. However, as 
he failed to respond (Fig. 2) a blood transfusion 



of 1 ,000 cc. was given on the fifth hospital day. 
The reticulocyte count following the transfusion 
went up to 6.3 per cent but soon dropped to 
1.7 per cent. Liver therapy was continued in the 
same dosage but again without any response. 
Another blood transfusion of 500 cc. was given 
on the fifteenth hospital day and a third one of 
500 cc. on the seventeenth hospital day. Further 
liver therapy still failed to produce any signifi- 
cant change. 

CO.MMENTS 

Although liver biopsy was not done, all 
clinical evidence pointed to a diagnosis of 
cirrhosis of the liver. One can only specu- 
late about the pathogenesis of megalo- 
blastic anemia associated with cirrhosis. 


Is it due to nutritional deficiency, faulty 
absorption, failure of storage and /or elabora- 
tion or failure of utilization of the anti- 
anemic principle? Perhaps there is a num- 
ber of factors operating concomitantly to 
produce the end result in question. 

It has been suggested that patients with 
this disorder may' suffer from the result of 
defective storage of the anti-anemic princi- 
ple in the liver when a hepatic disease has 
been of a sufficient duration and extent 
to lead to significant depletion of the stores 
of hematopoietic principle. Observations 
have been made showing that the liver of a 
patient with macrocytic anemia who died 
of cirrhosis was ineffective in the treatment 
of a patient with pernicious anemia.® On 
the other hand, other investigators have 
been able to demonstrate the presence of 
this principle in the liver of patients dying 
of extensive hepatic involvement. 

Apparently megaloblastic bone marrow 
is not found in all the patients with cirrhosis 
and macrocytic anemia and possibly the 
anemia must be severe before megaloblastic 
arrest becomes evident on study' of the bone 
marrow material. As severe megaloblastic 
anemia associated with cirrhosis is seldom 
encountered the unawareness of the exist- 
ence of megaloblastic arrest in this condition 
can thus be explained. 

True enough, cirrhosis of the liver and 
pernicious anemia may' sometimes occur 
in the same individual. Ho\vever, our 
patient did not appear to represent such a 
coincidence for the reason that he had free 
hy'drochloric acid in the stomach, had no 
atrophy of the tongue papillae and failed 
to respond to liver therapy. The response 
to liver therapy in the case herein presented 
is somewhat difficult to evaluate. It is 
possible that were the treatment continued 
for a longer period and without bioo 
transfusions it eventually would have prove 
to be more successful. 

SUMMARY 

Cirrhosis of the liver accompanied by 

severe macrocytic anemia constitutes another 

disease entity' which can be added to i ic 
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list of conditions associated with megalo- 
blastic proliferation in the bone marrow.* 
Evidence has been presented indicating 
that in such cases this phenomenon does not 
neeessarily represent the coexistenee of two 
diseases, cirrhosis and pernicious anemia, 
in one and the same patient. 
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Epileptic Equivalents, A Cause for 
Somatic Symptoms 

H. M. WiNANS, M.D. 

Dallas, Texas 


■ c ^HE internist is called upon many 
I times to uncover the cause for pain. 
M In most cases, after adequate study, 
the diagnosis becomes apparent but there 
is a small group in which no explanation 
seems to be at hand and in which the 
diagnostic study must be extended to the 
limits of present scientific methods. The 
present praiseworthy emphasis upon psychic 
factors in the causation of symptoms intro- 
duces one danger, namely, that when all rea- 
sonable methods of study fail to reveal the 
cause for the patient’s symptoms there is 
a temptation to decide that there must be 
a psychogenic cause. The cases herein 
reported illustrate not only this point but 
also the difficulties occasionally encountered 
in making the proper diagnosis. 

That pain may occur as the sole equiva- 
lent of an epileptic convulsion has been 
pointed out by a number of writers. Penfield 
and Gage^ showed that stimulation of a 
cortical area caused pain in the abdomen 
and elicited an epileptic attack. Watts and 
Frazier- found that a neurogenic discharge 
may manifest itself through abnormally 
vigorous movements of the gastrointestinal 
musculature and that the discharge comes 
from the autonomic portion of the cerebral 
cortex. ^Vechsler^ reported a series of cases 
which led him to conclude that abdominal 
pain occasionally occurs in disease of the 
brain and may be regarded as one of its 
manifestations. Moorc^ has reported a num- 
ber of cases presenting paroxysmal ab- 
dominal pain as an aberrant form of 
epilepsy and stresses in the diagnosis the 
exclusion of intrinsic visceral disease, the 
objective evidence of cerebral organic dis- 


ease or dysfunction and the effect of anti- 
convulsant drugs on the symptom of 
abdominal pain and on the electro- 
encephalogram. The following cases arc of 
interest in this connection: 


CASE REPORTS 


Case i. A white male was first seen at tiic 
age of thirty-six. At that time he complained 
of a paroxysmal cough for which he had con- 
sulted numerous physicians. He had had various 
studies and therapeutic efforts such as tonsil- 
lectomy, adenoidectomy and sinus treatments, 
all without any effect. His examination at that 
time was entirely unproductive of results 
and a bronchogram showed no evidence of 
bronchiectasis. 

The patient was lost sight of until some eight 
years later, at which time he returned with a 
complaint of severe paroxysmal pain in the left 
losver thoracic region with radiation to the pre- 
cordium. His interval history revealed that 
after consulting numerous other physicians in 
regard to the cough he finally became dis- 
couraged and did nothing further. The cough 
gradually disappeared in the course of a few 


years. 

In the past two years the pain just described 
had made its appearance. A typical attack was 
described as a sudden and unexpected onset of 
an excruciating pain beginning low' in the left 
chest and spreading to the prccordium but also 
occasionally up the back between the shoulders 
and down into the abdomen. The pain was so 
icverc that the patient feared immediate death 
Towev'cr, the duration was not more than ten 
,o twenty seconds and after the attack the 
aatient felt entirely well. He developed an 
ntensc fear of these attacks. In the bcijinniiwr 
hey occurred at intcrv’als of a few nionllis i)Ut 
cccntly there had been one evers’ two or three 
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weeks. The patient knew of no factor which 
would bring on or relieve the pain. The attacks 
occurred under all circumstances of rest and 
activity. 

Physical examination of this patient revealed 
no abnormal findings whatever nor did the 


pain was rarely more than fifteen or twenty 
minutes, and the attacks came at intervals of a 
few days to several weeks. Although the attacks 
did not last long, the patient had developed 
considerable fear and apprehension regarding 
them. He stated that with the onset of the pain 
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Fig. 1. Case i. Part of the electro-encephalographic tracing. 




laboratory provide any further help. X-ray 
studies of the gallbladder and gastrointestinal 
tract were all non-productive. The electro- 
cardiogram was normal at rest and after the 
exercise test. There were no abnormalities found 
in the cervical or thoracic spine. 

In reviewing the history it was a temptation 
to assume that both the present complaint of 
paroxysmal pain and the cough of which he had 
formerly complained ^vere due to a psycho- 
neurosis. However, such a diagnosis would have 
been predicated upon exclusion since there were 
no definite findings to indicate that the patient 
had a psychoneurotic state. It was decided to 
have an electro-encephalographic study made. 
It was reported as follows: “All areas showed 
irregularity of the rhythm with prominent 
bursts of 6 to 7 per second waves. Alpha activity 
occurred to a moderate degree in the occipital 
regions, at a rate of 11 to 12 per second. Hyper- 
ventilation caused an increase of the 6-cycle 
waves. There was no spiking. The record was 
interpreted as showing a generalized dysrhythmia 
with paroxysmal 6 to 7 per second activity, 
suggestive of a convulsive state (psychomotor 
type).” A section of the tracing is shown in 
Figure 1 . The patient was given phenobarbital, 
with complete relief of his symptoms. He has 
now been followed up for over a year and there 
have been no further attacks. 

Case ii. This patient, a thirty-four year old 
man, presented himself with the complaint of 
severe, recurring paroxysms of pain in the right 
upper quadrant of the abdomen. These attacks 
of pain came on without any relationship to 
meals and began with a severe cramping just 
under the right costal margin. The pain fre- 
quently spread into the right chest and down 
into the lower abdomen. Nausea and vomiting 
sometimes were present. The duration of the 
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he felt a severe mental depression and had a 
feeling of hopelessness. He was as much con- 
cerned with these feelings as with the pain itself. 

Nothing was found on physical examination. 
There were no abnormal neurologic findings. 
The accessory laboratory studies were all within 
normal limits as were x-ray studies of the gall- 
bladder and the gastrointestinal traet. Perhaps 
the emotional disturbance in this individual 
provided the clue. An electro-encephalogram 
W'as made in another city and was reported to 
show changes typical of psychomotor epilepsy. 
At the last reports the patient had been doing 
well with use of sedatives and had had no attacks 
of pain in several months. 

Case in. This patient, a twenty-six year old 
man, presented himself because of peculiar 
attacks of substernal pain, rapid heart action, 
flushing and sweating. He had never had any 
serious illnesses and his family histor)’^ was 
irrelevant. His first attack occurred while he was 
serving in the army in France. Although he had 
been through some very strenuous campaigns, 
at this time his unit was in a rest area and he felt 
that he was under no particular strain. The 
attack began while he was reading in his room. 
There was a severe substernal pain and shortly 
thereafter his pulse became rapid, he felt flushed 
and perspired freely. The pain was described as 
severe but not intense and the whole episode 
lasted only fifteen minutes. He was seen by a 
medical officer who sent him to the hospital 
where he had a thorough examination. It was 
not thought that this was an attack of paro.xys- 
mal tachycardia and since his examination in 
the hospital revealed no abnormalities he was 
returned to duty. 

During the next six months he was released 
from the army and entered college. He had no 
other difficulties in this period of time. About 
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seven months from his first attack he had another 
one which occurred during the night and which 
wakened him. This was similar in every way 
to the first attack except that following this he 
was extremely depressed for the next t\vo days. 
Since the first two attacks, he has had others at 


there was no evidence of organic disease 
of the central nervous system in these pa- 
tients, as has been pointed out the same 
symptoms might have occurred in the pres- 
ence of a number of organic involvements. 
It was also fortunate that dmre were no 


RF 
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Fig. 2. Case in. Part of the electro-encephalographic tracing. 


irregular intervals of from ttvo weeks to three 
months. They have occurred during the daytime 
and also at night. The pattern has remained the 
same. There is first a severe substernal pain 
shortly followed by rapid heart action, flushing 
and sweating. The duration of the attack has 
never been longer than fifteen minutes. 

Physical examination was entirely negative 
as were the accessory laboratory findings. X-ray 
studies of the gastrointestinal tract did not reveal 
any abnormalities and electrocardiogram was 
normal both before and after an exercise test. 
A careful psychiatric appraisal failed to reveal 
any information necessary for a diagnosis of a 
psychoneurosis. Therefore, it was decided to 
have an electro-encephalographic study made. 
This was reported as follows: “Both occipital 
regions showed a mi.xture of 16, 10, 8-9 and 
7 per second waves, all decreased by light. The 
frontal and motor areas showed low voltage 
activity. On hyperventilation, random 5 to 
6 per second waves appeared in all areas at 
one-half minute, and large 4 per second waves 
at two and one-half minutes. After cessation of 
hyper\^entilation, bursts of large, irregular 6 per 
second ■waves appeared in all areas for one 
minute. These findings were interpreted as 
those of a generalized dysrhythmia of non- 
specific nature, consistent with clinical epilepsy 
(although not diagnostic thereof).” A section of 
the tracing is shown in Figure 2. 

The patient was given phenobarbital and up 
to this time has had no further attacks. Although 
he has been under obscrv'ation for six months, 
it is still too early to be sure that no further 
attacks may occur due to the long period 
elapsing between the first and second episodes. 

COM.MENTS 

Tlicse three cases are illustrative of the 
possibility that even severe pains may be the 
equivalent of epileptic disturbance. While 


abnormalities of any sort found in the study 
of the gastrointestinal tract. The patients 
may have been saved an unnecessary opera- 
tion by this fact. Finally, the question might 
arise as to vv'hether the syTOptoms were not 
simply those of a psychoneurotic state which 
in itself might have been reliev'ed by seda- 
tives. None of these patients, howev'er, 
showed any diagnostic signs of a psycho- 
neurosis and furthermore the uniformity of 
the symptomatology together with the vari- 
ation in time betvv'een attacks was v'cry much 
against such a diagnosis. 

CONCLUSIONS 

Three cases of severe pain, apparently the 
equivalent of an epileptic seizure, are pre- 
sented. The diagnosis was made partly by 
exclusion and partly by findings in llic 
electro-encephalogram. Intense fear of the 
attacks was present in all three patients. 
They were reliev^ed by' treatment with seda- 
tiv'es. These cases suggest that electro- 
encephalographic studies may be of aid in 
the solution of difficult problems in the diag- 
nosis of thoracic or abdominal symptoms. 
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Vagotomy for 

I NTERNISTS as Well as surgeons have re- 
cently become deeply concerned about 
the place of bilateral vagotomy in the 
management of patients with refractory 
peptic ulcer. Physiologists for more than 
fifty years have been aware of the depres- 
sant effects of vagotomy on the secretory 
and motor functions of the stomach and 
more recently on the secretory function of 
the pancreas. But although Latarjet in 
1922 included this procedure along with 
gastro-enterostomy in six patients with 
peptic ulcer, with good temporary results 
in five, it was not until 1943 that its applica- 
tion in man received special attention. In 
that year Dragstedt and Owens ^ reported 
good results from transthoracic vagotomy 
in two patients with duodenal ulcer. Follow- 
ing their lead many other surgeons have 
adopted the procedure, with or without 
accompanying gastric surgery, and have 
confirmed the original observations as to 
relief of pain, reduction in gastric acidity 
and, in most instances, healing of the ulcer. 
More recently most surgeons in order to 
investigate the stomach directly have ac- 
complished the procedure subdiaphragma- 
tically. This has permitted them at the 
same time to perform a gastro-enterostomy, 
gastrectomy or pyloroplasty; some of them 
adding gastric surgery only when an ob- 
struction was found, but others, whether or 
not obstruction was demonstrable, in an 
attempt to prevent the gastric retention 
that so commonly follows vagal section. 

' Dragstept, L. R. and Owens, F. M. Supradia- 
phragmatic section of the vagus nerves in treatment of 
duodenal ulcer. Proc. Soc. Exper. Biol. & Med., 53; 152, 
1943. 


Peptic Ulcer 

Many thousands of patients with peptic 
ulcer have now been subjected to vagotomy, 
with or without gastric surgery, and appar- 
ently with satisfactory results in most in- 
stances. It should be appreciated, however, 
that as yet the duration of postoperative 
observation of these patients is relatively 
short and that many therapeutic procedures 
received with equal enthusiasm have sub- 
sequently been abandoned, or at least re- 
stricted in their application, because of 
ultimate complications. One cannot but 
wonder, therefore, if the time has not come 
to abandon temporarily the ready employ- 
ment of vagotomy until a longer period of 
evaluation of results is available. This 
would seem especially indicated in view of 
the data available in the physiologic litera- 
ture and of the frequent reports of unsatis- 
factory results that are already appearing 
in the clinical literature. 

In the late nineteenth century Pavlov^ 
demonstrated that dogs subjected to com- 
plete vagotomy developed stagnation in the 
stomach leading to death. Thomas and 
Komorov^ on the basis of animal work 
regard complete section of the vagi as in- 
compatible with life and explain long sur- 
vival after the modern operation in man on 
the basis of incompleteness of the section. 
Crider and Thomas'* have also shown that 
after vagotomy the output of pancreatic 
enzymes is reduced by 50 per cent or more. 

* Pavlov, I. P.^ 

3 Thomas, J. E. and Komorov, S. A. Physiological 
aspects of vagotomy. Gaslroenterology, 11: 413, 1948. 

^ Crider, J. O. and Thomas, J. E, Secretion of pan- 
creatic juice after cutting extrinsic nerves. Am. J. Physiol.. 
141: 730, 1944. 
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Vansant* has maintained that the depres- 
sion of secretion produced by vagotomy in 
the dog is transitory, the acidity returning 
to a normal level after two or three years. 
All workers agree as to the depression of 
the motor function of the stomach, some 
reporting prolonged troublesome atony 
with almost complete absence of hunger 
contractions. Indeed the relief of pain al- 
most invariably reported is presumably due 
to a lack of tonicity of the gastric wall. 

The available reports on the results of the 
clinical application of vagotomy are con- 
fusing because of uncertainty as to the 
degree of completeness of the division of 
the nerve fibers and because of the other 
operative procedures so commonly associ- 
ated with it. The insulin test of Hollander 
designed to determine whether or not vagal 
section is complete has not proved entirely 
satisfactory, and as yet no other method 
has been advanced. Some patients have 
previously had a subtotal gastric resection 
or gastro-enterostomy, some have had such 
an operation simultaneously and some, 
because of gastric retention, soon afterward. 
Without attempting to classify the cases one 
gets the impression from the clinical litera- 
ture that in spite of ulcer pain relief, many 
of the patients, at least for months, are 
quite uncomfortable and certainly in some 
there is a failure to heal, or they develop a 
recurrent ulcer. Even though some type of 
gastro-enterostomy also is accomplished, 
gastric retention with a peculiar sense of 
fullness and sometimes vomiting often per- 
sists for a long time. Eleven of Grimson’s'"' 
thirty-si.x patients had had a previous gastro- 
enterostomy, five had such an operation at 
the time of vagotomy and five required it 
subsequently; yet twenty-eight had post- 
prandial distress for at least three months, 
two developed hematemesis and one after 
twelve months had a new ulcer. Walters,^ 

® Vansant, F. R. Late effect of section of vagus ncn'cs 
on gastric acidity. Froc. Staff Meet., Sfa}a Clin. 6: 5/6, 
1931. 

' Grimso.n, K. S. Clinical evaluation of complications 
observed after transthoracic vagotomy. Arch. Surg., 55: 
175, 1947. 

' Walters, W. Gastric neurectomy. Arch. Surg., 55: 
151, 1947. 


in a series of eighty-three vagotomized pa- 
tients at the Mayo Clinic, subsequently 
found one perforation, eight recurrent or 
persistent ulcers, and eight with trouble- 
some gastric or intestinal stasis, including 
one operated upon for suspected intestinal 
obstruction (i.e., poor results in 20 per cent). 
He states that Colp in thirty-three patients 
had only eighteen 3vhom he regarded as 
cured and one ivho subsequently had a 
perforation. Johns and Grose* in forty-one 
carefully followed patients had seven un- 
satisfactory results: tliree from ulcer recur- 
rence and four from gastric retention. Four 
of their patients required rc-operation 
(although in three no obstruction was found) 
and two had subsequent hemorrhage. Of 
their seven failures, four obtained eventual 
relief from gastroenterostomy but two did 
not. In the total series they obtained un- 
satisfactory results in 17 per cent (27 per 
cent of those having had vagotomy alone). 
Thirteen of Moore’s® 116 patients de- 
veloped a recurrence, eleven of them 
eventually recovering on a medical program 
and only one requiring subsequent subtotal 
gastric resection. Wilkinson and Sullivan,'® 
in parallel series, respectiv'ely, with gas- 
trectomy alone and with gastrectomy plus 
vagotomy, found an equal recurrence rate 
but slightly better satisfaction on the part 
of the patient when only gastrectomy was 
done. 

Medical management of the refractory 
peptic ulcer patient is admittedly unsatis- 
factory. To date the most consistently good 
results have followed subtotal gastrectomy. 
Although in some instances secondary 
ulceration, anemia or a nutritional dis- 
turbance follow, the cfTccts of c.xtcnsivc 
gastrectomy in the previously unoperated 
patient have been satisfactor>', both im- 
mediately and ultimately, in 85 to 95 per 
cent of the cases. They have been best when 

sjoii.ss, T. N. r. and Grose, W. E. Symposium on 
vagotomy in peptic ulcer: early surgical results in fort) - 
three cases. Bull. Johns Hopkins Hasp., 81: 92, 1947. 

’ Moore, F. O. Follow-up of vagotomy in duodcn-il 
ulcer. Gastroenterology, 11: 442, 1948. 

toWruuNsos, S. A. and Sui.i.n-AN, J. C. V'agotomy 
combined with subtotal gastrectomy. GartrcerJerology, U: 
457, 1948. 
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gastrectomy was done for gastric ulcer and 
worst when done on psychoneurotic patients 
with duodenal ulcers. Such results, there- 
fore, may be regarded as a basis for com- 
parison with those eventually obtained 
from vagotomy. 

It may now be said that the immediate 
results of vagotomy are hardly so satisfactory 
as those of gastric resection. The relief of 
pain that usually results from vagotomy 
may in itself lead to a false sense of security, 
since in several instances it has masked a 
perforation. The depression of gastric motor 
function often accounts for a prolonged 
period of epigastric fullness and vomiting 
even when gastro-enterostomy also has 
been performed. As yet no assurance can 
be given that the previous gastric acidity 
will not recur. The ultimate effect of the 
operation on the pancreatic secretion is 
still in doubt. Secondary or associated 
gastric surgery is frequently necessary and, 
as is fully appreciated, when a stomal ulcer 
once develops (as it may after gastro- 
enterostomy) its management, even by 
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gastrectomy, leads to poor results. At any 
rate, vagotomy alone is usually contraindi- 
cated in gastric ulcer because of the difficulty 
in ruling out a malignant lesion. 

On the other hand, vagotomy does seem 
to have found a place in the management 
of the marginal ulcer in which the other 
current operations often fail. Also it may- 
be found useful in the psychoneurotic pa- 
tient with a duodenal ulcer in whom gas- 
trectomy now gives its poorest results. 
Indeed in the latter instance it may con- 
stitute a rational procedure because of the 
probability'^ that in such a patient the 
mechanism of ulcer production depends 
primarily on a disturbance of the autonomic 
nervous system. Its place in the manage- 
ment of the ordinary duodenal ulcer pa- 
tient, however, has not as y’^et been de- 
termined and, until further observations 
have been made on the patients already' 
vagotomized, it would seem wise to exercise 
great caution in subjecting more patients 
with this type of ulcer to the operation. 

T. Grier Miller, m.d. 
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Intubation Studies in Intestinal Allergy* 

Eugene M. Schloss, m.d. 

Philadelphia, Pennsylvania 


I N the investigation of gastrointestinal instances of probable digestive tract allcrg\- 

allergy the principal modalities up to in which abdominal pain and radiologic 

this time have involved a great variety findings had led to laparotomy for gross 

of procedures including (1) methods of skin organic disease. In 1921 Duke® first described 

testing (scratch, intradermal and patch roentgenographic appearances of the stom- 

tests) for the presence of reagins; (2) clinical ach in a specific food sensitivity, and subsc- 

observations incident upon the use of elimi- quently Eyermann,' Rowe,® Andresen,® 

nation diets and, as a special adaptation Fries and his associates'®’" and others have 

of this method, the pulse rate study of Coca; contributed to the study of such changes in 

(3) roentgenologic study of the effect of all segments of the alimentary tube. This 

barium-specific food mixtures upon the method has been brought to such a stage of 

tonus, motility and pattern of the several development that, in the opinion of the 

segments of the alimentary canal; (4) direct author, it may serve as a point of reference 

observation of local changes due to aller- to which the results of other types of in- 

genic substances as seen through tlie gastro- vestigation may be directed for confirmation; 

scope or anoscope and (5) evaluation of when, for example, elimination diets have 

alterations in the hematologic pattern, such apparently singled out a specific food sensi- 

as leukopenia, eosinophilia, etc., at certain tivity, the diagnosis may be substantiated 

intervals after the ingestion of suspected by the performance of a gastrointestinal 

foods. Of these methods those dealing with x-ray scries, using first the usual barium 

skin testing are probably the least accurate; suspension as a control, to be followed by 

there is a notably high incidence of false the incorporation of a sample of the sus- 

reactions, both positive and negative;' in pected food allergen with the barium 

fact, the existence of a true reaction in the mi.xture. Such studies have not gone un- 

skin is a matter of conjecture except in challenged; Pendergrass and his associates, ' 

those instances in which urticaria is the clini- Ravdin, Fantus, Macy and others have 

cal manifestation of specific- food sensitivity. demonstrated changes in the small bowel 

From the standpoint of practical demon- pattern and motility on the addition of 

stration, elimination diets, as advocated by various substances, including 50 per emit 

Rowe' and others,"® hold a deservedly high glucose solution, egg white, olive oil, milk, 

place in the management of the food- bran and other nutritive elements, to 

sensitive patient; such a mediod of investi- barium suspensions. However, these altera- 

gation requires time, patience and accuracy tions do not appear to be of the same order 

of judgment on the part of the clinician but of divergence from the normal as do tho.'c 

frequently focuses direct attention upon the marked changes observed in the individua 

offending substances. X-ray studies in this who prc.sents evidence of true food sensi- 

field began in 1915 when Crispin'* first tivity and who usually exhibits the sub- 

observed the appearance of angioneurotic jeetive and/or objective manifestations o 

edema of the pylorus roentgcnologically. his sensitivity during the performance o 

Two years later Christian® reported two the study although he may be unaware o! 

* From The Je^^•L<!h Hospital, Pliiladciphia, Pa. 

156 auericas jocrnae or nrDici.*>>. 



Intestinal Allergy — Schloss 


administration of the allergen. In their 
study of gastrointestinal allergy in children 
in 1943, Fries and Mogil described radi- 
ologic changes which they concluded were 
“effects due to allergenicity of food and 
not to its nutritive content” inasmuch as 
subjects who had lost their sensitivity to 
specific foods presented normal roentgeno- 
grams when retested with the same barium 
food mixtures. In 1941 Thomas and Ren- 
shaw^® brought attention to the method of 
direct proctoscopic observation of the reac- 
tion produced by contact of an allergen 
with the rectal mucosa and found erythema, 
edema, vascular engorgement and hemor- 
rhage in varying degrees. Similar mucosal 
effects in the stomach have been reported 
by gastroscopic observation after oral admin- 
istration of suspected allergenic substances. 
The considerable literature regarding leuko- 
penic and eosinophilic phenomena has 
represented another aspect of the search for 
knowledge concerning digestive allergy; 
the original observations by Rinkeh^ and 
Vaughan^* have recently undergone re- 
vision and elaboration by Randolph*® 
which further enhances the value of studies 
in the investigation of individual patients. 

To these methods it is now proposed to 
add a new type of investigation. This is the 
employment of a balloon-tipped, double 
lumen intestinal tube by means of which 
numerous phenomena may be studied 
from kymographic recordings. By this 
method it is possible to observe the degree 
of tonus and the rate of motility in a selected 
segment of the intestine and the changes in 
these functions occasioned by the oral or 
tubal introduction of suspected food aller- 
gens. The reaction interval and duration 
may be determined and the effect of 
therapeutic agents may be evaluated in vivo. 

METHOD 

The device employed in this study is 
illustrated in Figure 1. It consists of a 
Miller-Abbott tube, the suction lumen of 
which is clamped off except for the removal 
of intestinal secretions or the introduction 
of selected foods, indifferent control agents 
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or pharmacologic products. The other 
lumen, capped at its distal terminus by 
the balloon, is connected proximally to a 
closed, diaphragm-capped chamber in such 
a manner that pressure changes in the 
chamber may be communicated to an 



tube; (b) bulb for inflation of balloon-diaphragm 
system; (c) syringe for instillation of test substances; 
(d) pressure chamber-diaphragm unit; (e) electrically 
driven, timed kymograph; (f) water manometer. 

accurately timed electrically-driven kymo- 
graph; a T-tube inserted into this system is 
attached to a water manometer in order to 
record pressure changes in cc. of water, and 
to correlate these measurable changes with 
alterations of amplitude on the kymographic 
recording. In order to obtain some measure 
of uniformity in the present study all ob- 
servations have been made after implanta- 
tion of the balloon in the jejunum, approxi- 
mately opposite the ligament of Treitz, as 
observed fluoroscopically. Routinely after 
passage of the tube into the duodenum suffi- 
cient air was introduced into the balloon 
to record a manometric pressure of 10 cc. 
of water. This was done both to facilitate 
passage of the tube into the jejunum and 
to provide an easily compressible surface 
against which the wall and contents of the 
intestine might exert pressure. Once the 
balloon was found to be situated in the 
desired segment, kymographic recordings 
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were made during the “resting” phase of 
small intestinal activity and after the intro- 
duction, singly, at intervals of not less than 
twenty minutes, of various control and 
suspected food substances in liquid or 
suspended form. 

In 1939 Wangensteen,*® measuring the 
intraluminal pressure of isolated loops of 
small intestine during the course of a sur- 
gical operation for intestinal obstruction, 
reported pressures of 4 to 14 cc. of water. 
One year later Brody and his co-workers*^ 
clearly described the characteristic rhythmic 
contractions and tonus alterations of the 
stomach and small bowel. In 1943 Abbott 
and his associates®® made a study of intra- 
luminal pressures in various segments of 
the digestive canal, using their well con- 
trived “pressure capsule” to detect altera- 
tions which might then be transmitted to 
an automatic recording system. As a result 
of parallel observations employing both the 
pressure capsule and the balloon technics 
Abbott pointed out the superiority of the 
pressure capsule method, stating that “the 
balloon record, which in a rough way is a 
measure of the capacity of the gut lumen 
over a limited area, shows a pattern of far 
greater variability, indicating that not 
every contraction or relaxation of the 
intestinal musculature brings about an 
appreciable change in intraluminal pres- 
sure.” However, as a matter of availability 
and cost of apparatus, the balloon method 
was chosen for the study on which this 
report is based, and the basic and phasic 
changes in pressure in normal individuals 
have been found to parallel closely those 
obscr\’ed by Abbott’s group. 

RESULTS 

In normal individuals tracings by means 
of this procedure have exhibited the rhyth- 
mic contractions and tonus alterations 
which have been reported by previous 
workers. A typical normal kymographic 
recording is illustrated in Figure 2. Due to 
the initial introduction of sufficient air to 
produce a manometric pressure of 10 cc. of 
water, measurement of the basal pressure 


cannot be performed accurately in all cases 
inasmuch as some diastolic pressure readings 
must lie below that level. The phasic pre.s- 
sure changes in twenty normal patients 
have been found to reach a maximum of 12 
to 38 cc. of water spontaneously or after the 
intraluminal instillation of water, 10 per 
cent glucose solution or liquid foods to 
which no specific sensitivity has been known 
or suspected. These foods have included 
beef extract, wheat extract, tomato juice, 
fruit juices, milk, etc. In these normal indi- 
viduals the rhythmic pressure changes 
occasioned by introduction of such sub- 
stances rise above that recorded in a basal 
period but do not rise beyond those found 
spontaneously in other normal subjects nor 
in the same subjects at other times. The 
frequency of the phasic waves is usually 
increased immediately after introduction of 
such substances, but after periods of forty 
seconds to three minutes this heightened 
effect subsides and the fasting rhythm is 
resumed. This probably represents the time 
interval necessary for the local bowel seg- 
ment to accustom itself to the distending 
effect of the 10 cc. quantities of fluid intro- 
duced or may represent the time necessary 
to propel the liquid beyond the space 
occupied by the balloon. ^Vhilc it is readily 
admitted that this method of observation 
cannot be used for the precise measurement 
of intraluminal pressurc.s, relative con- 
stancy of the phasic pressure changes so 
obsers^ed docs permit its use as a control 
agent against which more violent reactions 
might be contrasted if found to occur. 

In cases of intestinal food allergy’ the 
tracings secured prior to introduction of 
allergenic foods have shown no divergence 
from the range of variability' found in non- 
allcrgic indiv’iduals. The frequency of con- 
tractions. rln’thmicity. duration and ampli- 
tude of phasic pressure waves have been 
quite comparable throughout. In thisgroui). 
after the position of the tube ha-^ been 
verified fluoroscopically and the initial 
pattern has been in.icriljed, a scrie> of in- 
different or non-suspect elements is intro- 
duced through the tube routinely; these 
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Fig- 2 Fig. 3 

Fig. 2. Normal tracing. Upper line demonstrates continuous fluctuations in intraluminal pressure; at point A 10 cc. 
of 10 per cent glucose was introduced and stimulated phasic pressure waves in forty-five seconds; twenty minutes 
later an almost identical pattern of phasic pressure waves was recorded spontaneously in line B. Manometric pres- 
sure in each line did not exceed 28 cc. of water. 

Fig. 3. Case i, milk allergy. Tracing illustrates abnormal intraluminal pressure changes following instillation of 
10 cc. of milk, the initial severe contraction occurring in two minutes, with a return to the “resting” level in four 
minutes. Peak manometric reading ^vas 78 cc. water. 


have included 10 to 30 cc. portions of 10 per 
cent glucose solution, olive oil, milk, 
powdered egg suspensions, beef extract 
and water-thinned purees of a variety of 
common foodstuffs. Just as in the non- 
allergic subjects the instillation of simple 
nutritive elements in small quantities pro- 
duces transient changes of amplitude and 
frequency of the phasic pressure waves, 
which still fall within the limits noted 
spontaneously in normal subjects or in the 
same individuals at other times without the 
introduction of anything by tube. This 
control period is followed by the instillation 
of 10 cc. quantities of foodstuffs which, by 
reason of history, elimination diets or 
prior x-ray study, are suspect. The nature 
of each test substance is, of course, con- 
cealed from the patient throughout the 
period of observation in all cases. 

Following the instillation of foods aller- 
genic to a given individual, the alterations 
in the kymographic tracings have been 
notable. Furthermore, these alterations, 
usually violent, have frequently been ac- 
companied by the subjective manifesta- 
tions of which the patient had previously 
complained. The interval between the 
contact of the allergenic food with the 
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jejunal mucosa and the onset of abnormal 
kymographic phenomena has varied from 
two to twelve minutes in this series, with a 
mean of four minutes. The onset of the 
reaction phase is marked by a rather 
gradual increase in the height and duration 
of the phasic pressure waves. At times, as 
illustrated in Figure 8, the individual waves 
increase rapidly in acuity and amplitude 
and the interval between successive con- 
tractions decreases progressively until a 
maximum point of activity, after which 
tlaere is a gradual recession in reverse 
sequence. In other cases tliere is superim- 
posed upon more moderately accentuated 
phasic pressure waves a series of acute 
spiking inscriptions of varying amplitude, 
all marked by their extreme height as 
compared with any change in the under- 
lying basic rhythm; Figure 3 represents an 
example of this type. The total duration of 
the reaction to a given allergen varies from 
two to eighteen minutes with, in this series, 
one instance in ^vhich the \dolence of tlie 
reaction culminated in regurgitation of the 
entire tube. There does not appear to be 
any constant relation between the duration 
of the reactive phase and the severity of the 
contractions as measured either in fre- 
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quency or in amplitude. In the present 
series of twenty-two cases a wide variety of 
combinations has been secured. In all cases, 
regardless of the type of configuration 
recorded, the manometric pressures have 
well exceeded the highest readings found 
in non-allergic reactions. These have varied 
from 56 cc. of water, well above normal 
readings, up to 152 cc. of water, a reading 
obtained during a particularly violent 
subjective reaction of intense cramping 
pain. The range of manometric pressures 
obseiA’^ed in the allergic patients is thus seen 
to be sufficiently removed from the 12 to 
38 cc. readings during control tests to be 
significant. This factor, combined with 
the coincident appearance of altered kymo- 
graphic patterns of localized intraluminal 
pressure changes, seems to enhance the 
specificity of the study. Once the reactive 
phase characteristic of that particular jeju- 
nal segment has subsided, the kymographic 
pattern returns to its pretest level although 
the patient may continue to evidence 
further symptomatology as more distal 
areas are successively involved for variable 
periods of time; in other instances the 
subjective manifestations subside \vith re- 
turn of the tracing to resting levels, as 
though the reactive mechanism had been 
exhausted or the allergenic substance itself 
had been, in a manner of speaking, neu- 
tralized. In a few instances a second in- 
stillation of the known allergen has been 
performed after various intervals of time 
during the course of the same intubation, 
but this group of observations is as yet too 
small to permit deductions or conclusions. 
In a single instance, Case i, the tracing 
was marked by a rhythmic pattern due to 
respiratory movement; this isolated case 
presented unusual postoperative tension 
of the abdominal wall. 

The data and tracings from two of the 
confirmed cases of gastrointestinal food 
allcrg)' studied by this method to date will 
scrx'c to illustrate the foregoing observ'ations. 
Their presentation is detailed for the dual 
purpose of de-'cribing the mode of applica- 
tion of the procedure and of emphasizing 


the confused and obscure clinical patterns 
which characterize so many instances of 
gastrointestinal food allerg)\ ' 

CASE REPORTS 

Case i. M. A., a female aged fortv-seven 
years, presented a lengthy history' of digc.ctivc 
disturbances beginning with abdominal cmnip< 
and constipation in childhood, requiring con- 
stant medical attention. In 1941 she developed 
epigastric fullness and distress about one hour 
after meals; after a few months syniploins 
abated, i-ecurring thereafter irregularly. In 

1945 the symptoms became severe and in early 

1946 her first gastrointestinal .\-ray scric.': 
disclosed an ulcer on the lesser curvature of the 
stomach. On a modified Sippy regimen her 
response was unsatisfactory and in the fall of 
1946 the position and nature of the lesion was 
confirmed gastroscopically. However, when 
treatment was intensified, anorexia, nausea and 
vomiting occurred although there was no 
esddence of any obstructive phenomena. On 
December 2, 1946, total gastrectomy with 
esophagealjejunal anastomosis was performed. 
Examination of the resected tissues di.scloscd 
“chronic ulcer of the stomach; chronic lympha- 
denitis”; no evidence of malignancy was found. 
The ulcer was 2 cm. in diameter, mid-way 
betsveen the cardia and pylorus on the lc.s.ser 
curvature, was firm and indurated and extended 
to within 2 mm. of the serosa. Convalescence 
was stormy. Appetite failed to return and 
various modifications of the ulcer diet failed to 
alleviate the high abdominal pain, nausea and 
vomiting; weight, formerly about 120 pounds, 
had dropped to 106 pounds preoperatively and 
88 pounds on hospital discharge. Despite .sup- 
plementary' proteolysates, frequent fccdini;' 
according to the Sippy regimen, crude li'cr 
c.xtract and various forms of therapy, the wciglit 
was still at the level when the patient was first 
seen on April 25, 1947. Hater}', c.vplosivc .'tools 
had occurred after most feedings, three to six 
times daily since the time of operation, hut 
none had contained gross blood and none hat 

been tarry. . 

The patient appeared ill and crnaciatcc . 
The abdomen was scaphoid and extremely ihm- 
walled; peristaltic movements were readily 
obsen.'able as rapid and forceful and, at times, 
were accompanied by visible expression' of pain. 
There was questionable high epigastric tender- 
ness. Blood count showed a borderline anemia; 
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? Fig. 4. a, x-ray four and one-half hours after plain barium m 
I B, three-quarters of an hour after introduction of milk the 
narrowing or dilatation of the loops; c, one hour after milk tl 



4c 

eal; motility was delayed but the pattern was normal; 
pattern was distorted by segmentation, pooling and 
lere were similar but more advanced alterations. 


sedimentation rate was normal; stool examina- 
tions were negative for occult blood and were 
abnormal only in containing some undigested 
starch granules. 

Partly because of the poor physical condition 
of the patient and partly because the possibility 
of food allergy had been obscured by the 
organic nature of the pre-existing disorder, 
intubation study was not made until September 
26, 1947. Figure 3 represents the tracing made 
on that date. The tube was readily introduced 
orally, passed through the jejunal stoma and 
on to a position opposite the ligament of 
Treitz. A control instillation of 30 cc. of 10 per 
cent glucose solution failed to alter the tone 
or to make any alteration of the strong inter- 
current respiratory rhythm which was caused 
by the contracted abdominal wall. However, 
two minutes after instillation of 10 cc. of milk, 
marked irregular contractions appeared, pro- 
duced sharply abnormal phasic pressure changes 
and were reflected in the patient’s complaint 
of cramps and nausea. The duration of the 
reaction was two minutes, after which the in- 
scription resumed its former pattern; ho^vever, 
the patient’s crampy pain persisted and was 
relieved only after passage of a watery stool 
about twenty minutes later. On October 2, 1 947, 
roentgenologic studies, * illustrated in Figure 4, 

* Roentgenologic studies embodied in this report 
were performed by Harold J. Isard, m.d. and William 
Serber, m.d., Philadelphia, Pa. 
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were reported as follows: “Initially the jejunum 
and proximal ileum fill very rapidly and present 
an entirely normal pattern. Between 15 minutes 
and three hours, however, there is very little 
further progress of the meal. Fluoroscopy was 
done in three hours but no film was taken. Even 
at four and a half hours the meal has not reached 
the cecum but the pattern still remains normal. 
After the four and a half hour film, the patient 
was given a glass of milk and films were taken 
in three quarters of an hour and one hour. These 
show very definite change in the appearance 
of the small bowel. Motility is increased so that 
the barium mixture passes into the cecum. The 
normal pattern is disturbed and there is seg- 
mentation, pooling and areas of narrowing and 
dilatation. In the terminal ileum the lumen is so 
reduced that it suggests the string sign seen in 
regional enteritis. This does not appear to be 
constant and is probably due to spasm rather 
than organic change.” 

Since studies had thus clearly demonstrated 
an intestinal milk allergy, a new phase of therapy 
was instituted. At first desensitization with milk 
propeptans was attempted according to the 
method described by Urbach-® and while the 
patient was partially relieved, some abdominal 
burning and distress continued to appear about 
fifteen minutes after feedings, lasted for one 
hour and then disappeared until the next feed- 
insr. After two weeks a second intubation studv 
was performed, the tracing of which is repre- 
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Fio. 5. Following treatment with milk propeptan, of 
which two capsules were given forty-five minutes prior 
to instillation of 10 cc. of milk. The arrow at 1:26 
marks artefact produced by sneezing, a, beginning 
reaction occurring six minutes after milk; b, last 
abnormal pressure change seven minutes later. 

sented in Figure 5. Forty-five minutes after 
swallowing two capsules of milk propeptan, 
10 cc. of milk was instilled. Si.x minutes later the 
patient complained of discomfort and almost 
immediately thereafter the basic tonus level rose 
and phasic pressure waves showed marked 
accentuation lor a period of seven minutes, 
culminating in a sharply severe crampy pain 
at the height of one spastic phase. Thereafter 
the tracing reverted to its former status. 

A few days later, after abstinence from milk 
and milk products, the administration of 
thephorin (phenindamine, Roche) 25 mg. twice 
daily was begun, and milk was permitted in 
small amounts throughout the day, increasing 
to a total of 1 pint daily. During the six months 
since this change in therapy, diarrhea and ab- 
dominal cramps have occurred in widely 
separated isolated cpi.sodcs. Gradual improve- 
ment in weight and nutrition have occurred. 
The dosage of thephorin has been established 
at 25 mg. once daily although the daily intake 
of milk is divided into several small feedings. A 
tracing taken on December 16. 1947, is recorded 
in Figure 6; after the instillation of 50 cc. of milk 
it shows no significant aberration from the rest- 
ing pattern for this patient. 

C.\SE It. H. L., a male aged forty-four years, 
had recurrent attacks of right lower quadrant 
pain beginning in 1915, at the age of twelve 
yeans. Two years later appendectomy ^vas per- 
formed and he was free of digestive symptoms 
until 1921 when he developed pain in the right 
upper quadrant, with radiation to the right 



Fig. 6. Tracing made after treatment with phenin- 
damine. A, introduction of 10 cc. of 10 per cent gluca-e 
solution followed by phasic pressure waves, the p'-.nk 
reaching a manomctric reading of 22 cc. of water, r, 
instillation of 50 cc. of milk followed by no significant 
alteration from the resting phase in the middle 
inseription. 

subscapular area, constipation and licnrtbttrn. 
Symptoms continued intermittently and in valu- 
ing degrees of severity until 1925, at which liitic 
a clinical diagnosis of duodenal ulcer was made 
and x-rays were reported as “suggestive of 
atypical ulcer.” An ulcer diet was poody toler- 
ated and the syndrome remained active. Diiriti!; 
the next five years gastro-cntcrologic and radio- 
logic opinions leaned toward peptic ulcer phi' 
gallbladder disease but appropriate thcrapeii'is 
did not effect consistent improvement. In 19.50 
the patient discovered his own untoward reac- 
tion to certain foods, notably milk, malt prod- 
ucts, lima beans, peas and chocolate, and in 
1935 .x-ray disclosed a normal upper digestive 
canal and gallbladder but gcnerali/ed colonic 
spasticity. During the following nine years llicre 
were three attacks of “food poisoning.” consist- 
ing of nausea, vomiting and diarrhea of twenty- 
four hours’ duration; following the acute phase 
of the last such attack, there svas anorexia and 
simple diarrhea for about six months. At that 
time the stools were found to contain ova of 
Endamoeba histolytica and appropriate thernj)> 
effected a cure. However, stools continued to ix‘ 
soft, and in 1941 another gastro-cnteioloeist 
first suggested the possibility that an ailergic 
state might have been responsible for tlie orieinal 
symptom complex or might represent an ac- 
quired .scn.siti\'ity. In 1945, about three hours 
after a meal which included clams, the patient 
suffered visc-like high epigastric pain of sudden 
onset, became pale, sweaty and weak: the fnil"' 
rate was accelerated and the upper alxlotnen 
became rigid. .An acute coronary e[)i'o<le v..is 
suspected but after .seven hours the jwin had 
shifted to the right upper quadrant, with right 
.subscapular radiation. Ensuing .'tudies, includ- 
ing electrocardiogram, cholccy.'tograjihy ano 
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Fig. 7. Case n, a, x-ray seventy-five minutes after administration of plain barium meal; there ^vas a normal small 
intestinal pattern with a continuous stream of barium from the stomach to the terminal ileum; b, thirty minutes 
after ingestion of clams: there were segmentation of the loops, a suggestion of coarsened mucosal folds, hyper- 
tonicity and irregularity of the caliber; the head of the column at the splenic flexure; c, thirty minutes later there 
was no progress or change. 


sigmoidoscopy, were negative. A bland diet was 
instituted, but diarrhea continued intermittently. 

When this patient was first seen in August, 
1947, physical examination revealed nothing of 
significance. Blood count, sedimentation rate 
and stool examinations were entirely normal. 
Biliary drainage resulted in the delivery of a 
well concentrated specimen which was normal 
on microscopic examination. Sigmoidoscopy and 
examination of direct smears from the sigmoid 
and rectum were negative. Stool cultures dis- 
closed only predominant coliform organisms. 
Electrocardiography and cardiac consultation 
indicated no evidence of cardiovascular disease. 

On October 9, 1947, roentgenologic studies 
were reported as demonstrating normal esoph- 
agus, stomach and duodenum and normal colon 
except for some irritability and spasticity of the 
cecum and proximal ascending colon; the 
mucosal pattern appeared entirely normal. With 
regard to the jejunum and ileum, the radi- 
ologists reported: “The calibre of the jejunal 
loops is normal throughout and the mucosal 
pattern is of the normal feathery type. Progres- 
sion through the small bowel is quite rapid and 
at the end of 30 minutes the head of the meal 
has reached the terminal ileum. The film at this 
time discloses a continuous stream of barium 
from the stomach to the terminal ileum. Despite 
the rapid transit through the small bowel, there 
does not appear to be too rapid emptying of the 
stomach. The coils of the ileum appear normal 


and there is no undue hypertonicity or segmen- 
tation. Seventy-five minutes after administration 
of the barium meal there is again no evidence of 
segmentation or undue hypertonicity. At this 
time the patient was given six clams. A film 
exposed thirty minutes later discloses a marked 
change in the appearance of the small bowel 
pattern. There is hypertonicity of many of the 
loops, the lumens of which are irregular in 
calibre; segmentation is apparent and there is a 
suggestion of some coarsening of mucosal folds. 
The head of the barium meal has progressed to 
the splenic flexure. The next film was exposed 
60 minutes after the meal and the appearance 
remains quite comparable to that noted on the 
30-minute film.” Figure 7 demonstrates the 
significant plates in this case. 

It was not until January, 1948 that an oppor- 
tunity arose for intubation study, a kymographic 
recording of which is represented in Figure 8. 
After negative trial instillations of 10 cc. quan- 
tities of milk and of lamb extractives. 1 0 cc. of 
fresh clam juice was passed into the jejunum. 
Two minutes later an initial severe contraction 
was recorded coincidentally with the patient's 
complaint of high epigastric pain. This was 
followed in eighty seconds by a stronger wave of 
hypertonus and thereafter by a succession of 
strong contractions which progressively in- 
creased in frequency, acuity and amplitude as 
recorded on the kymograph; this soon mounted 
to a six-second interval between subjectively 
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Fig. 8. Sections from tracing illustrate a progressive 
increase in acuity, amplitude and frequency of ex- 
aggerated pressure changes in response to allergenic 
food. Clam juice, 10 cc., was instilled at the point 
marked by the upper arrow. There was an initial 
severe contraction in two minutes, followed by rapid 
progression culminating in regurgitation of the tube in 
six minutes. 

painful contractions which eventuated in violent 
retching and regurgitation of the tube. 

Since the date of this study, elimination of 
clams and other offending foods from the pa- 
tient’s dietary has resulted in marked ameliora- 
tion of digestive tract symptoms. 

COMMENTS 

The difficulties attending the diagnosis of 
gastrointestinal food allergy' are notorious; 
they have received comment from Duke,^^ 
Moore*^ and almost every other investigator 
in this field. It has been stated repeatedly 
that food allergy' can mimic, in part or in 
whole, almost any gastrointestinal disease; 
the manifestations depend upon the segment 
of the alimentary tract in which tlie reaction 
occurs and upon the qualitative nature and 
quantitative extent of the reaction. Any 
portion of the digestive tube may be the site 
of an allergic reaction. Thus Fries and his 
co-workers found x-ray evidence of gastric 
reactions in children in whom subjective 
sy-mptoms appeared promptly after inges- 
tion of allergenic foods; Hampton and 
Cookc-*^ reported abnormal segmentation 
of the small intestine in cases of delayed type 
of food allergic reaction; many x-ray studies 
have disclosed colonic abnormalities follow- 
ing oral administration of food allergens, 
and the proctoscopic obscr\-ations of Thomas 


and Renshaw have implicated directly the 
mucosa of that segment of the canal. The 
present intubation studies not only confirm 
the susceptibility of the jejunuin but a!^ 
suggest tliat gastric digestion fails to dc- 
nature tlie foods tlius far used in this stiiciv 
in such a manner as to destroy their aller- 
genicity. At this point it will be recalled that 
in Case n, clams appeared to elicit similar 
small bowel responses when given by mouth 
in the roentgenologic study and when 
introduced directly into the jejunum by 
tubal instillation. This has been demon- 
started in other cases with egg, wheat and 
milk. Thus it would seem that witiiout 
regard to the precise chemical or hormonal 
reaction which mediates the local rc.spon'c. 
there are food-specific allergens which arc 
capable of initiating certain phenomena 
within two minutes of the time they come 
into contact with the jejunal mucosa and 
which are not sufficiently altered by gastric 
digestion to prevent these effects. The ques- 
tion of whether the minimum intcn’nl of 
two minutes represents the period necessary 
for local tissue reaction, absorption, hor- 
monal elaboration, neural intcr\'cntion or 
any combination of these modalities remains 
unanswered at this time. 

In this study', after passage of the tube into 
the duodenum, sufficient air svas introduced 
routinely' into the balloon to record a niano- 
metric prcs.surc of 10 cc. of water. It is 
readily' seen that this would preclude the 
possibility of accurate measurement of bade 
intraluminal pre.ssure. Yet, as previously 
mentioned, phasic prc.ssurc changes of 12 to 
38 cc. of water were obtained durina 
“resting” periods and following the intro- 
duction of non-allcrgenic liquid foodstuffs. 
In view of the presence of the balioon-.iir 
mass these phasic prc.ssures would seem to 
represent (1) the rhythmic contractions 
characteristic of the constant activity of the 
small intestine. (2) the force of intestinal 
muscular contraction elicited as a simple 
response to the distendint; effect of the 
balloon. (3) the force produced liy prti- 
staltic waves attempting forward propuhion 
of the balloon it.scif or of liquid past lh<- 
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partial obstruction produced by the balloon 
or (4) at times, a summation of those factors. 

The studies of Posey and his group,-' 
using a balloon technic in ileostomized 
humans, have clearly demonstrated three 
configurations of small intestinal activity, of 
which one is a constant series of rapid, 
rhythmic contractions, another of larger, 
slower contractions which are sometimes 
propulsive and a third which is produced 
by tonus waves on which the other types 
are superimposed; when propulsion occurs 
in the third type, it is invariably associated 
with superimposition of the second type of 
wave. Attempts at propulsion are thus seen 
to be characterized by considerable aug- 
mentation of intraluminal pressure. This is 
still, however, within observed normal 
limits. In the experiments by Abbott in 
which water was injected proximal to a 
distended balloon in sufficient amount to 
simulate the intraluminal distention occur- 
ring in acute artificial intestinal obstruction 
the phasic pressures rose only as high as 
50 cc. of water. 

On the other hand, after the introduction 
of an allergenic food the components mak- 
ing up the total reaction must include those 
normally present plus elements peculiar to 
the intestinal allergic reaction. Those ele- 
ments, according to roentgenologic, gastro- 
scopic and pathologic evidence, consist of 
local mucosal edema and inereased muscle 
tonus, at times exaggerated to high degrees 
of swelling and spasticity. It is probable that 
both these elements play a role in produc- 
tion of the kymographic records in this 
study. Local edema may well serve further 
to occlude the jejunal lumen at and proxi- 
mal to the site of the balloon, at least to a 
degree at which both regular phasic and 
interjected stronger muscle contractions are 
more sharply communicated to the kymo- 
graphic tracings. The studies made by Wing 
and Smith^® on sensitized guinea pigs 
showed no alteration in small bowel pattern 
even when the animals were in fatal an- 
aphylactic shock; in these experiments it 
seems probable tliat the intestinal wall did 
not assume the function of shock organ. 


However, in commenting on that presenta- 
tion, Gray referred to the studies by Gray, 
Harten and Waltzcr-®’^'' of the gross and 
histologic allergic reactions in rhesus mon- 
keys and concluded that the spastic phe- 
nomena were secondary to the tremendous 
edema of the mucous membrane at the site 
of the reaction. While it is likely that local 
edema is an early and marked intestinal 
mucosal reaction to tlie presence of an 
allergen, and possible that spastic phe- 
nomena are secondary thereto, the wave 
and spike nature of the inscriptions in tlie 
kymographic recordings here obtained seem 
to represent too dynamic an activity to be 
the result of edema alone. Rather, they 
embody characteristics which appear at- 
tributable largely to gross exaggeration of 
normally present phasic changes and to the 
interjection of strong spastic contractions. 
The elevation of the entire tracing during 
an observed period of reaction, slightly 
above the baseline noted before and after 
the reactive span, may represent a pro- 
longed increase in basic tonus or the con- 
strictive effect of mucosal edema upon the 
balloon or, again, a combination of those 
factors. 

On the basis of the results in this study 
the intubation procedure appears to afford 
a means of securing confirmation of the 
specificity of food allergens in a given 
individual. It may be performed in such a 
manner as to test a number of foodstuffs 
during the course of a single intubation, 
instilling them singly at intervals of ttventy 
minutes since, in our experience, the longest 
period of reaction latency has been eighteen 
minutes. Thus far the feasibility of instilling 
additional trial foods after the subsidence 
of a typical reaction to an allergenic one 
has not been determined; this procedure 
and that of repeating instillation of the 
same allergenic food after varying intervals 
of quiescence may afford further insight 
into the mechanism of food allerg)’ gen- 
erally. The specificity of the method seems 
to be equal, if not superior, to that of the 
radiologic method utilizing food-barium 
mixtures; howev^er, die radiologic study is 
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limited to the trial of one or, at most, two 
foodstuffs during a single period of study, 
and extension of the procedure to a larger 
series of suspected foods promotes the risk 
of ov'erexposure to radiation. 

CONCLUSIONS 

The intubation procedure is not recom- 
mended as a routine metliod for the dis- 
covery of food allergic At the present time 
this disorder is most apt to be suspected 
by carefully detailed case histories. Routine 
gastrointestinal studies and x-rays • then 
serve to exclude observable organic lesions. 
Clinical observation, elimination diets and 
the study of leukocytic phenomena are use- 
ful as a screening process for the implica- 
tion of specific foodstuffs. Finally, roent- 
genologic study with barium mixed with 
suspected foods and/or use of the intuba- 
tion procedure may then be employed to 
substantiate the diagnosis. This appears to 
be the optimum point for application of the 
intubation study in the diagnosis of the 
individual patient and, as previously indi- 
cated, this procedure has certain advan- 
tages over the roentgenologic method. In a 
more general sense, the method as here 
described, or in greater elaboration, pro- 
vides an additional method for the investiga- 
tion of intestinal food allergic phenomena. 
From a study of the kjanographic records 
thus far obtained there appears to be evi- 
dence for the presence of exaggerated phasic 
motor changes and the interpolation of 
spastic contractions of the intestinal muscle, 
both being superimposed upon an elevated 
intraluminal pressure. This latter may be 
secondary to local reactive edema, or to 
reactive increase in tonus or to a summation 
of these factors 
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I. Motility of the Human Esophagus in 
Control Subjects and in Patients with 
Esophageal Disorders'^ 

Philip Kramer, m.d. atid Fran'z J. Incelpinger. m.d. 

Boston, Massachusetts 


W HEN the human csopliagus is 
studied fluoroseopically after ad- 
ministration of a barium meal, 
this organ manifests tone (as indicated 
roughly by the luminal ealiber) and phasic 
activity that comprises three types of waves: 
primary, secondary and tertiary.* The tone 
and contractions of the human c.sophagus 
have, however, been recorded infrequently 
by the balloon-kymograph technic, and 
.such studies as have been made pertain to 
strictly physiologic problems.-"^ Since bal- 
loon-kymograph records of esophageal mo- 
tility in various clinical conditions were not 
available, we have used this method in 
fourteen control subjects without e.sophageal 
disorders, in four [)atients witli cardiospasm, 
in four with scleroderma and in two with 
mechanical obstruction of the e.sophagus. 

riie technic used was that dc.seribcd by 
Ingelfingcr and .•\l)l)ott.''’ with the minor 
modification that the Miller-.Mjljott tube 
connecting the e.sophageal Ijalloon to the 
recording devire was only 100 cm. long. In 
this system a relatively constant pre.ssure 
(20 to 25 cm. of water) forces air into the 
balloon until the resistance of the c.soph.agcal 
wall permits no further inflow. 'I’he volume 
of the ball(x>n therefore indicates the resist- 
ance of the esophagus to a distending force 
and may be considered an e.xpression of 
csophagr.!! tf)ne. W'iien the vf>lume flue- 
luatc-' because of ph.isic activity, tone is 
calcuiateti as the tn>-.in volume of air con- 
tained in the balloon between the extremes 
of phasic roittr.iction .md relaxation. 

* i'.'M'!! - lU.ie.t .M'-t''-’'! Hi*-; 

''••>! c'f 

if.‘ 


Records were obtained by two proce- 
dures: The balloon was allowed cither to 
progrc.ss down the esophagus with p<Ti- 
staltic activity or was maintained in one of 
three standard positions by fastening tin- 
tube at the nose. The standard position', 
which were invariably ascertained by fluoro- 
scopic means, comprised: (I) tip{)cr esoph- 
agus-balloon situated behind the manu- 
brium sterni and c.xtcnding upward into the 
suprasternal notch; (2) mid-c.sophagiis- 
balloon at the pulmonary hihi: (3) louer 
esophagus- distal end of the balloon jti't 
above the diaphragm. The motility re- 
corded under these conditions is initiated 
by the prc.scncc of the balloon. rArept as 
indicated, the subjects were asked not to 
.swallow. Frequently, however, a suhiret 
might swallow involuntarily because of the 
irritation cau.sed by the presenei- of the 
balloon in the e.sophagus or by the tugging 
of the tube in the nnsojjharynx. It is appar- 
ent that our records, obtained by .stimu- 
lating the e.sophagus with a large, pliable 
but non-fluid bolus, can be coinp.ired only 
in general terms with motility .stiidic' <•!)- 
tained by other means. 

f.o.vTRoi. srnjj rns 

When the balloon w.is inflatcfl in tlu- 
upper cso{>hagus .and allowed to j 

with peristaltic activity, ,‘in avei.ige o! c 
sccf>nds was requireti befr'c th'- bTllo-u. 
entered the stomach. Repeated rietermits •• 
lion of the e.;f,pti;ige.!l tr.irf-it titje- in f"'' 
rr.'.-i!*. tr.e .Mr'! .r.-. I’'-"’ -■ t i ' 

% II f -.M *>•) ' 


r.tf J- 
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same subject yielded results that were con- 
sistent in some but not in all individuals. 
The variation in transit times in different 
subjects was considerable, extending from 
fifteen seconds to five minutes and forty-five 
seconds. The significance of these transit 
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stomach may at any moment be recording 
simultaneously from more than one area 
of the esophagus and may occupy, as it 
passes through the cardia, a partially intra- 
gastric position. For these reasons we believe 
that the position of the balloon should be 


Table i 


ESOPHAGEAL MOTILITY IN CONTROL SUBJECTS 


Subject 

Diagnosis 

Tone 

(cc. of air in balloon) 

Height of Wave 
(cc. of air expelled from 
balloon) 

Frequency 

(No. of waves per minute) 



Upper 

1 

Mid 

1 

Lower 

Upper 

Mid 

Lower 

Upper 

Mid 

Lower 

A. S. 

Constipation 

6 

8 

7 

4-12 

14 

8-9 

9 

6 

10 

0 . F. 

j Functional gastrointestincil 
disorder 

1 

1 17 

12 

11 

0 

7-11 

6-8 

0 

6 

6 

A. S. 

Hypertension 

i 17 

11 

11 

3 

4-9 

3-9 

15 

11 

12 

J. c. 

Functional gastrointestinal 
disorder 

10 

10 

5 

4-6 

15 

3-8 

11 

6 

12 

A. M. 

No disease 

15 

12 

12 

3 

21 

12 

12 



F-J- I. 

No disease 

18 

23 

24 

7-10 

17-29 

13-19 

7 

6 

(>y2 

F.J. I. 

No disease 


i 23 



22 



6 


P. K. 

No disease 

7 

9 

7 

3-5 

1 ^ 

1 6 


6 

8 

S. L. 

Functional gastrointestinal 
disorder 

11 

H 

11 

4-6 


11 

9 

5 

7 

A. S. 

Functional gastrointestinal 
disorder 


' 10 

12 


4 

1 

' 9-14 


7 

1 

7 

M. M. 

Functional gastrointestinal 

8 

7 

1 

2-10 

12-14 

10 

7 

6 

11 

1 

W. H. 

disorder 

Cholelithiasis 

8 

6 

1 6 

3 

12 

10 

9 

6 

6 

J. L. 1 

Gastric ulcer 

10 

14 

15 

5-8 

9-11 

10 

9 

6 

6 M 

N. B. 

No disease 

9 

8 

8 

3 

8-10 

10-13 

10 

8 

8 

F. S. 1 

Diabetes 

1 

10 

1 16 


16 

13 


6 

7 

Range 


7-18 

6-23 

5-24 

2-12 

4-29 

3-19 

0-16 

4H-11 

6-12 

Average 


11.3 

11.8 

10.9 

4.5 

13.5 

9.8 

9.5 

.65 

8.1 


times is limited for the esophagus has to 
propel not only a balloon but an attached 
tube (weight = 40 Gm.) which encounters 
variable friction in passing through the 
nares. 

Motility records obtained as the balloon 
passed down the esophagus were generally 
unsatisfactory, partly because of the vari- 
ations in transit time, partly because the 
exact position of a moving large balloon was 
difficult to determine. A condom balloon, 
which measures 5 cm. in length when in- 
flated outside the body, is moulded by the 
esophagus into a cylinder of smaller diam- 
eter but greater length. Because of this 
length, a balloon travelling toward the 

AUGUST, 1949 


fixed if satisfactory motility records are to 
be obtained from the human esophagus by 
our method. On the other hand, Hwang 
et al.,'^ who used a quite similar method in 
dogs, found the motility record obtained 
as the balloon moved down the esophagus 
so characteristic tliat small changes in the 
wave pattern were considered to be of major 
significance. 

Records obtained by maintaining the 
balloon in the three standard positions 
yielded motility patterns that were quite 
characteristic for each position. In the 
upper position the wave pattern ivas irregu- 
lar and characterized by excursions of small 
amplitude. By way of contrast, large and 
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well defined waves succeeded each other in 
regular sequence when the balloon was 
inflated and maintained in the nr id-position. 
In the lower position, just above the cardia, 
contractile activity was less pronounced 
and usually less regular than that character- 



NORMAL 



Fig. 1. Records of esophageal motility in two normal 
subjects. In the lower record the motility pattern is 
affected by repeated swallowing, indicated by “S.” 


istic of the mid-position. Details concerning 
tone and phasic activity are given in Table i. 
Figure 1 shows representative records ob- 
tained in the three standard positions. 

The large waves manifest in the mid- and 
lower esophagus were decidedly peristaltic 
in nature. Coincident with their appearance 
a strong tug was felt at the nasal end of the 
tube, and fluoroscopic observations showed 
contraction rings sweeping down over the 
esophageal balloon. These waves conse- 
quently are probably identical with the 
secondary peristaltic waves described by 
Meltzer.® The absence of large excursions 
in records obtained from the upper esoph- 
agus is also consistent with Meltzer’s ob- 
servation that secondary waves do not arise 
in the cervical portion of this organ. 
Secondary peristaltic waves arising in the 
mid-esophagus may also be observed by 
the fluoroscopist when this area is distended 
by fluid contents that either regurgitate 
from the lower esophagus or remain after 
a primary wave has passed. 

Swallowing, whether voluntary or in- 
voluntary, changed but did not abolish the 
local motility stimulated by the presence 
of the balloon. (Fig. 1.) In the upper 
esophagus a large wave frequently was 
superimposed on the irregular spontaneous 
motility. In the mid- and lower esophagus 


the changes produced depended to some 
extent on the phase of the spontaneous 
motility. Swallowing during the phase of 
relaxation tended to increase the degree of 
relaxation and delayed the onset of the 
next wave but this wave thereupon gener- 
ally was augmented both in height and 
duration. Swallowing during the phase of 
contraction yielded less constant results— 
the wave in progress was sometimes aug- 
mented, sometimes inhibited; occasionally 
the size of the subsequent wave was in- 
creased. These observations, on the whole, 
are in harmony with the concept that a 
wave of relaxation precedes a wave of 
contraction. 

Carlson and Luckhardt,® in studying the 
motility of the human esophagus with a 
balloon method, recorded small tonic con- 
tractions occurring regularly at less than 
two-second intervals, larger but irregular 
tonic contractions and occasional peri- 
staltic waves. Since the balloon used in 
these studies was quite large (condom, 3 to 
4 cm. in length), the dissimilarity between 
our records and those of Carlson and Luck- 
hardt is surprising. The pressures used by 
these investigators to inflate their balloon 
was, however, only 3 to 6 cm. of water, 
about one-fourth the pressures used by us. 
The higher pressures routinely employed 
in our studies may stimulate peristaltic 
waves of such intensity that smaller con- 
tractions are obscured or abolished. Records 
taken by our method at pressures com- 
parable to those used by Carlson and 
Luckhardt presented irregular patterns 
periods of complete phasic inactivity, occa- 
sional tonic or peristaltic contractions and 
small waves occurring about ten to twenty 
times a minute. Low pressures in the balloon 
system apparently provide an inconstant 
stimulus for esophageal motility, and mo- 
tility records obtained at such pressures are 
undistinguished by any regular patterns. 
Higher intraballoon pressures that stimulate 
more consistent motility patterns seem to be 
preferable, consequently, in comparing the 
motor activities of the normal and abnormal 
esophagus. 
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PATIENTS 

Records of esophageal motility were ob- 
tained in patients with cardiospasm, sclero- 
derma and mechanical obstruction of the 
esophagus. An analysis of these records is 
given in Table ii. 


As might be expected the inflated balloon 
failed to pass into the stomach of the four 
patients with cardiospasm. In addition, 
however, esophageal motility was inade- 
quate to carry the balloon from one part 
of the esophagus to the other. The tone was 


Table ii 


ESOPHAGEAL MOTILITY IN PATIENTS WITH ESOPHAGEAL DISORDERS 


Subject 

Diagnosis 

Tone 

[ (cc. of air in balloon) 

Height of Wave 
(cc. of air e,\pelled from 
balloon) 

Frequency 

(No. of waves per minute) 


1 . 

Upper 

Mid 

Lower 

Upper 

1 

Mid ' 

1 

Lower j 

Upper 

Mid 

Lower 

J. K. 

Cardiospasm 

26 

26-31 

30 

i 

1-2 

2-4 

1 

1-2 

11 

11 

15 

L. S. 

Cardiospasm | 


35 

35 


7-10 

3-6 


10 

13 

W. W. 

Cardiospasm 

33 

32 

26 

0 

2-6 

1-8 

0 

8 

14 

H. M. 

Cardiospasm ' 


21 

19 

. . 1 

13-32 

10-32 


4 

10 

G. R. 

Scleroderma 

33 

37 

28 

0* 


0* 

0* 

0* 

0* 

P. H. 

Scleroderma 

20 

28 

26 

0* I 

0* 

0* 

0* ' 

0* 

0* 

M. H. 

Scleroderma 

21 

19 

27 

0* 

0* 

O’* 

0* 

0* 

0* 

J. L. 

O. F. 

Scleroderma 

Carcinoma of stomach in- 
vading lower end of eso- 


16 

t 

1 



0* 

0* 

1 

1 

0* 

O’* 

J. o. 

phagus 

Stricture at esophagojejunal 

20 

I 22 

1 

26 

11 

12-18 

1 

, 13-15 

1 

6 

AH 

1 1 

A}r2 

junction ' 

1 

6 

13 

15 

3 

18 

14 

7 

4 

6 


* Very smsll waves occurring fifteen to twenty-four times per minute appear on the record, hut these deflections 


are produced by respiration. 


Cardiospasm. Studies of cardiospasm were 
made in the following patients: 

W. W., a male aged seventy-two, had moder- 
ate to severe symptoms for two years. X-ray 
picture was typical of cardiospasm with 1 to 2-1- 
dilatation and mild tortuosity of the esophagus. 
Cardia was dilated twice with only partial 
relief obtained. 

J. K., a male aged fifty-seven, complained of 
vague abdominal symptoms. Cardiospasm was 
an incidental finding. X-ray showed 2 to 3-T 
dilatation of the esophagus with early “sigmoid 
tortuosity of its lower portion. No treatment 
was necessary. 

L. S., a female aged seventy, had symptoms 
for three years. There was 2-1- dilatation of the 
esophagus with minimal tortuosity. Cardia was 
dilated tivice with bougies but relief was 
transient. 

H. M., a male aged twenty-three, had syrnp- 
toms for one year. X-ray showed 1 to 2-1- dila- 
tation of the esophagus with no tortuosity. 
Treatment consisted of dietary methods. 


diminished in all four patients. In two 
patients the wave pattern was strikingly 
decreased and demonstrated an irregular 
configuration. (Fig. 2.) The record of 
esophageal motility in patients L. S. and 
H. M. revealed strong phasic activity but 
the regular pattern of the normal esophagus 
was absent. (Fig. 2.) In spite of the differ- 
ence apparent in their motility records, pa- 
tients W. W. and J. K. on one hand, and L. 
S. and H. M. on the other presented similar 
clinical and roentgenologic manifestations. 

As demonstrated by balloon-kymograph 
records it appears tliat esophageal motility 
in patients with cardiospasm has the follow- 
ing characteristics: (1) decreased tone, (2) 
phasic activity of variable intensity but 
irregular in configuration and (3) lack of 
propulsive capacity even if some phasic 
activity is present. 

Scleroderma. Four patients with .sclero- 
derma were studied: 
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M. H., a female aged forty-five, had gen- 
eralized severe scleroderma since 1941 with 
Raynaud’s phenomena, skin changes and osteo- 
myelitis of the terminal phalanges. There were 
minimal digestive symptoms. X-ray of the 
esophagus revealed slight dilatation with ab- 
sence of all peristaltic activity. 


CARDIOSPASM 



Fig. 2. Records of esophageal motility in two patients 
with cardiospasm. In the upper record (patient 
H. M.) phasic activity is strong but irregular. The 
wave pattern is markedly diminished in the lower 
record (patient J. K.) 


SCLERODERMA 



OBSTRUCTION (CANCER) 



Fig. 3. Records of esophageal motility of patient 
M. H. with scleroderma (upper record) and of patient 
O. F. Tvith mechanical obstruction of the esophagus 
(lower record). 

P. H., a female aged fifty-three, had Ray- 
naud’s phenomena of the hands for three years. 
There were minor skin changes of the fingers 
and hands. Dysphagia, heartburn and diarrhea 
were pronounced. X-ray revealed moderate 
dilatation of the esophagus Tvith absence of all 
peristaltic waves. The small intestine also 
shoTved marked hypomotility. 

G. R., a male aged fifty-seven, had generalized 
scleroderma for ten years, ts’ith Raynaud’s phe- 
nomena, skin changes and fibrosis of the lungs. 
There Tvas occasional diarrhea but no dysphagia. 
X-ray showed moderate dilatation of the 
esophagus and absence of all peristaltic waves. 

J. L., a female aged forty-three, suffered the 
onset of Raynaud’s phenomena ten years ago. 
Skin changes Tvhich were typRal of scleroderma 
started three and one-half years ago. No dys- 



Fig. 4. Roentgenologic appearance of esophagus of 
patient O. F. The dilatation of the esophagus and the 
filling defect at its cardiac end can be observed. 


phagia or other digestive symptoms were 
present. X-ray revealed stasis and absence of 
peristaltic waves in the esophagus but the 
caliber of the lumen \vas normal. 

In these patients consistent abnormalities 
of esophageal motility were evident. Pro- 
pulsion of the inflated balloon down the 
esophagus was slow or absent, but m one 
case (P. H.) the balloon slipped from the 
lower esophagus into the stomach after the 
patient swallowed. Motility records taken 
in each of the standard positions showed 
loss of tone and an absent or markedly 
diminished wave pattern. (Fig. 3.) It is 
noteworthy that the esophageal tone of 
these patients with scleroderma was exce(;d- 
ingly low as measured by the motility 
records although roentgenologic stuclies 
demonstrated only slight or moderate dila- 
tation of the esophagus. 

Mechanical Obstruction. Two patients with 
mechanical obstruction were studied: 

O. F., a male aged fifty-three, previously 
had clironic pyloric obstruction from a 
denal ulcer and developed dysphagia. X-ra> 
showed a moderately dilated esophagus suggcst- 
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ing cardiospasm, but a defect near the cardia 
indicated neoplasm. (Fig. 4.) Further studies 
demonstrated carcinoma of the stomach with 
invasion of the lower esophagus. 

J. O., a male aged fifty, developed symptoms 
of esophageal obstruction following total gas- 
trectomy for cancer of the stomach. X-ray 
revealed narrowing at the esophagojejunal junc- 
tion. Mechanical dilatation of that area amelio- 
rated the dysphagia. 

In these cases the balloon, after inflation 
in the upper esophagus, was carried down 
near the point of obstruction before its 
progress was arrested. The motility records 
showed a moderate decrease in tone but 
the wave pattern was striking in its ampli- 
tude and regularity. Although the roentgen- 
ologic appearance of the dilated esophagus 
in patient O. F. was somewhat suggestive of 
cardiospasm, his motility record showed 
none of the abnormalities found in this dis- 
order. (Figs. 3 and 4.) 

SUMMARY 

Balloon-kymograph records of esophageal 
motility were obtained in subjects with and 
without clinical disorders of the esophagus. 
The motility recorded was that stimulated 
by inflating and maintaining a relatively 
large balloon in fixed positions of the 
esophagus. 

In subjects without esophageal disorders 
a characteristic motility pattern was re- 
corded in the upper, middle and lower 
esophagus, the middle and lower positions 


presenting a regular sequence of large 
peristaltic waves. 

In patients with cardiospasm the motility 
records demonstrated decreased tone and 
irregular phasic activity of variable inten- 
sity. Propulsion of the balloon along the 
esophagus did not occur. 

In patients with scleroderma both tone 
and phasic activity were markedly dimin- 
ished. Propulsion of the balloon was dimin- 
ished but occasionally was present. 

Esophageal motility in the presence of 
mechanical obstruction evidenced a mild 
decrease in tone and augmented regular 
phasic activity. 
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II. Cardiospasm, A Generalized Disorder of 

Esophageal Motility* 

Philip Kramer, m.d. and Franz J. Ingelfinger, m.d. 

Boston, Massachusetts 


C URRENT concepts of cardiospasm 
lean heavily on the psychogenic 
aspects of this disorder, aspects 
that were mentioned as early as 1733 when 
Hoffmann^ ascribed cardiospasm to “irra- 
tional love” and “uncontrolled desires.” In 
spite of the venerability and popularity of 
the psychogenic theory, however, other 
hypotheses have had and still have their 
strong proponents. One group maintains 
that cardiospasm is the result of mechanieal 
obstruction, whether by fibrosis,- by “liver 
tunnel,”® by “diaphragmatic pinchcock”'* 
or by some other lumen-obliterating process. 
Another group, rather silent of late, favors 
the view that a primary esophageal atony is 
responsible.® Perhaps most popular is Melt- 
zer’s® idea,f seconded or re-conceived by 
Einhorn,^ Rolleston,® Hurst® and Alvarez,^® 
that a neuromuscular dysfunction prevents 
receptive relaxation of the cardia before an 
advancing peristaltic wave. The cause for 
such dysfunction has been found in con- 
genital abnormalities,^® nutritional defi- 
ciencies^^’ and emotional states. 

One reason for this plethora of contra- 
dictory hypotheses is the failure to define 

t Hurst and Rake" stated that Meltzer, like von 
Miculiz,'- ascribed cardiospasm to a "‘spasmodic con- 
traction of the cardiac sphincter.” Actuallj'- Meltzer' 
wTote as follows, “ . . . the cardia is under ordinary 
circumstances moderately contracted. At the beginning 
of swallowing, the cardia relaxes, .... If the rela-King 
force were for any reason weakened or completely in- 
hibited, the cardia would be considerably contracted 
in the ^on-s^v’allowing phase (and would) not rela.x 
during the act of swallowing . . . .” Thus he postulated 
a contraction of the cardia in his case because “the 
relaxing inhibitory force was suddenly weakened or 
completely abolished.” These statements certainly 
embody the concept of Hurst’s achalasia. 


the clinical condition usually known as 
cardiospasm. In some studies, for example, 
any esophageal spasms or any delays in the 
passage of material down the esophagus are 
considered as the equivalents of clinical 
cardiospasm. This practice ignores the find- 
ings of such experienced observers as 
Plummer and Vinson^® who separated 
their patients with “cardiospasm” into two 
groups: (1) those suffering from chronic if 
not continuous symptoms and manifesting 
some esophageal dilatation and (2) those 
with transient, irregular spasms, not neces- 
sarily located at the lower esophagus and 
not accompanied by luminal enlargement. 
A further separation of these two groups 
has been made by Templeton®® who pointed 
out that cardiospasm is not only a disorder 
of the lower end of the esophagus but that 
the motility of the whole esophagus, as 
judged fluoroscopically and roentgenologi- 
cally, is markedly deranged. As a matter of 
fact, Templeton has never seen a case of 
cardiospasm with normal esophageal mo- 
tility.®^ Our studies, which support'and 
amplify Templeton’s views, -indicate that 
the clinical condition of cardiospasm can be 
defined more precisely and that it should 
not be confused with transient spasm, 
mechanical obstruction or other esophageal 
disorders. 

Studies were carried out in four patients 
with cardiospasm, in four Avith scleroderma 
and in two with mechanical obstruction of 
the esophagus. Brief abstracts of these cases 
are given in our previous paper.®® In addi- 
tion the following two patients were studied. 
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J. P. was a female aged thirty-one. A diag- 
nosis of cardiospasm was made in 1 945 following 
the onset of dysphagia in 1944. Periodic dilata- 
tion with bougies was done; there was relief of 
the symptoms for several months after each 
treatment. Raynaud’s phenomena of the hands 

AIK 

” HORMfeL W«HOLYL 10 MG IM 


CARDIOSPASM MECHOLYL \0 MG I M 



50 J • » 1 »- 


SCLERODERMA MECHQLYL IOMG IM 



Fig. 1. Effect of 10 mg. of acetylbetamethylcholine 
chloride on esophageal motility. Upper record, con- 
trol subject; middle record, patient J. K. with cardio- 
spasm; lower record, patient G. R. with scleroderma. 

began in 1945, accompanied by skin changes on 
the chest and back suggestive of scleroderma. 
X-ray of the esophagus at our hospital showed 
minimal dilatation, absence of all peristaltic 
waves and slight stasis. 

R. F. was a male aged twenty-four. For two 
years the patient had transient and brief 
attacks of the sensation of food sticking in the 
lower esophagus; the sensation came on during 
periods of emotional tension. X-ray examination 
during an attack showed spasm of the esophagus 
1 inch above the diaphragm. Peristaltic activity 
was normal and no dilatation was present. 
There were normal esophageal outlines and 
motility between the attacks. 

In each of these cases the motility of the 
esophagus was studied by balloon-kymo- 
graph methods as well as by fluoroscopic 
and roentgenologic means. 

As described previously, esophageal 
motility in cases of cardiospasm displays (1 ) 
decreased tone, (2) lack of propulsion and 
(3) an abnormal wave pattern. The phasic 
activity may be forceful or weak, but its 
configuration is irregular and even strong 
phasic activity is inadequate to propel the 
esophageal balloon. These changes occur in 
both the mid- and lower esophagus, areas 
where the normal esophagus exhibits strong 
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and effective propulsive waves. The motility 
pattern of cardiospasm is different from that 
found in other clinical disorders of eso- 
phageal motor function. In scleroderma the 
tone is depressed, as in cardiospasm, but 
phasic activity is practically absent. In 


AIR 

CC 

NORMAL 

MECHOLYL lO MG 1 M 

ts~ 

»oJ 



CARDIOSPASM 

MECHOLYL 6 MG ) M 




SCLERODERMA 

MECHOLYL 6 MG 1 M 

25* 

J 


1 « 1 1 1 1 1 1 1 1 1 1 1 


Fig. 2. Effect of acetylbetamethylcholine chloride on 
esophageal motility; 10 mg. given to control subject 
(upper record) and 6 'mg. each to patient L. S. with 
cardiospasm (middle record) and patient P. H. with 
scleroderma (lower record). 

mechanical obstruction of the distal esoph- 
agus large peristaltic waves of normal shape 
and arrangement may occur even if second- 
ary dilatation proximal to the point of 
obstruction has taken place. The record 
of esophageal motility in patient R. F., with 
transient spasms of the lower esophagus, 
was normal in all respects and did not resem- 
ble that seen in patients with cardiospasm. 

After suitable control records were ob- 
tained acetylbetamethylcholine chloride was 
given intramuscularly in 6 to 10 mg. doses 
to four control subjects, four patients with 
cardiospasm, two patients with scleroderma 
and patient J. P. The effect of this drug in 
patients with cardiospasm was startling 
for within two minutes of its administration 
a tonic, lumen-obliterating contraction of 
the esophagus took place. This contraction 
was of sufficient intensity to counteract a 
pressure of 20 cm. of water and to force all 
of the air out of the recording balloon. 
(Figs. 1 and 2.) The same effect could also 
be observed roentgenologically; after ad- 
ministration of acetylbetamethylcholine 
chloride even a considerably dilated esoph- 






^ 7^ Cardiospasm- 



FtGS. 3a and b. Effect of acetylbetamethylcholine 
chloride on roentgenologic appearance of esopha- 
gus in patient J. K. with cardiospasm, a, before; 

B, three minutes after administration of 1 0 mg. of 
acetylbetamethylcholine chloride. 

Figs. 4a and b. Effect of acetylbetamethylcholine 
chloride on roentgenologic appearance of esopha- 
gus in patient W. W. with cardiospasm, a, before; 

B, three minutes after administration of 1 0 mg. of 
acetylbetamethylcholine chloride. 

agus contracted to form a narrow lumen 
containing a thin thread of barium. (Figs. 
3 and 4.) The tonic contraction, however, 
forced little material through the cardia. 
Instead, the esophageal content, whether a 
barium suspension or a recording balloon, 
was displaced backward into the upper 
esophagus. At the time of the tonic con- 
traction the patient frequently experienced 
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substernal distress similar to the pain occa- 
sionally produced by the ingestion of food. 

In normal subjects acetylbetamethylcho-' 
line produced .some increase in tone but the 
effect was far less marked than that seen in 
patients with cardiospasm. (Figs. 1 and 2.) 
In patients with scleroderma the esophagus 
responded very little to injections of acetyl- 
betamethylcholine; only minimal increases 
in phasic activity and tone were obser\'ed. 
(Figs. 1 and 2.) Patient J. P., who had been 
treated as a case of cardiospasm but who 
subsequently developed Raynaud’s phe- 
nomena and skin changes suggesting sclero- 
derma, responded to mecholyl as did the 
patients with clearcut scleroderma; that is, 
the esophageal motility evidenced very 
little alteration following injection of the 
drug. 

CO\JMENTS 

The number of patients studied is not 
large but tentative suggestions concerning 
the diagnosis and nature of cardiospasm 
seem permissible. The character of the eso- 
phageal motility record and the response to 
acetylbetamethylcholine appear to be suffi- 
ciently specific to differentiate at least a 
certain group of patients with cardiospasm 
from normal subjects and from patients 
afflicted with scleroderma, mechanical ob- 
struction or transient spasms of the esoph- 
agus. This differentiation is not always 
simple by clinical and roentgenologic means. 
Cancer of the gastric cardia, for example, 
may produce a roentgenologic appearance 
of the esophagus that mimics cardiospasm 
closely. Our patient O. F., a case in point, 
exhibited a normal if hyperacti%'e motility 
record, and it will be interesting to ascertain 
whether the motility records of all such 
patients are normal in contradistinction 
to the records of patients with cardiospasm. 
Finally, the response to acetydbetamethyl- 
choline may provide a means of differ- 
entiating esophageal stasis produced by 
cardiospasm from that caused by sclero- 
derma. Patient J. P. provides an example 
of a patient treated for cardiospasm, but the 
development of Raymaud’s phenomena and 
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skin changes, as well as the negative eso- 
phageal response to parasympathetic stimu- 
lation, suggests that the correct diagnosis 
may have been scleroderma. 

The motor abnormalities found in our 
patients with cardiospasm clearly involve 
both the mid- and lower esophagus, thereby 
indicating that the esophageal disorder in 
this condition is not merely confined to the 
cardiac end but that a motor dysfunction 
involves nearly the entire esophagus. The 
finding of abnormal wave patterns, which 
may be intense but so disorganized that 
propulsion is inadequate, can be accepted 
as strong evidence against the theories that 
cardiospasm is caused either by a primary 
neuromuscular atony of the esophagus or 
by some mechanical obstruction which pro- 
duces secondary dilatation of the lumen. 
Furthermore, in our two patients with 
mechanical obstruction near the cardia, 
secondary dilatation was not accompanied 
by irregular phasic activity; on the con- 
trary, the normal wave pattern was accen- 
tuated and augmented. No direct evidence 
either for or against the theory of achalasia 
is adduced by these studies. It would seem 
reasonable to postulate, however, that 
achalasia of the cardia is a feature of 
cardiospasm but that it represents only one 
abnormality in a neuromuscular dysfunc- 
tion which involves nearly the entire 
esophagus. 

The hypersensitive response to mecholyl 
evidenced by the esophagus in patients with 
cardiospasm can be advanced as another 
argument favoring the presence of a neuro- 
muscular dysfunction in this condition. 
According to Gannon’s law, destruction 
of a unit in a series of efferent neurons is 
followed by an increased irritability to 
chemical agents in the isolated structure 
or structures, the effect being maximal in 
the part directly denervated.^^ Viewed in 
light of this law the hypersensitivity of the 
cardiospastic esophagus to a parasympa- 
thomimetic agent suggests that the para- 
sympathetic innervation of the esophagus 
has been disrupted somewhere along its 
course. Such a suggestion is in keeping with 

AUGUST, 1949 


177 

the findings of those neuropathologists who 
maintain that a degeneration and decrease 
in the number of the intramural ganglia 
occur in cardiospasm. Whether a dis- 
order of the parasympathetic nervous sys- 
tem is the primary or the only disorder 
responsible for cardiospasm remains to be 
seen. It is of interest, however, that spasms 
of the lower esophagus have been re- 
peatedly described as one of the complica- 
tions of vagal section carried out for the 
treatment of peptic ulcer. In our case, 
as well as in the other cases reported, the 
symptoms and findings subsided spontane- 
ously within a few weeks. Unfortunately, 
motility records were not obtained in our 
patient with spasm of the lower esophagus 
following vagal section. 

Although these studies indicate that 
cardiospasm is characterized by a gen- 
eralized dysfunction of esophageal motility 
and that it may be produced by a disrup- 
tion of the parasympathetic innervation, 
the ultimate cause of this condition remains 
obscure. That psychogenic stimuli may be 
responsible is consistent with the observa- 
tions that have been made. On the other 
hand, since cardiospasm appears to be 
such a generalized esophageal disorder, it 
is questionable whether the production of 
isolated spasms in the esophagus, or of 
delays in swallowing time by the use of 
emotional stimuli can be used as arguments 
in favor of the psychogenesis of cardio- 
spasm.^^’®® The two conditions, namely, 
the clinical state of cardiospasm and iso- 
lated spasms of the esophagus appear un- 
related to us. It may, of course, be argued 
that a gradual transition occurs from iso- 
lated spasms of the esophagus to well estab- 
lished cardiospasm®® but such a transition 
is not generally described by experienced 
observers and, according to Vinson,®®’®^ 
probably does not occur. Further observa- 
tions, however, will be necessary to settle 
this point. 

Since the esophagus in cardiospasm 
appears to be hypersensitive to acetyl- 
betamethylcholine, it is likely that it may 
also be hypersensitive to humoral agents 
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elaborated under conditions of emotional 
stress. The demonstration, therefore, that 
the symptoms of cardiospasm are accentu- 
ated by psychogenic stimuli can be accepted 
as evidence of the irritability and hyper- 
sensitivity of the esophagus in this condition, 
but it has relatively little validity as evi- 
dence purporting to show that cardiospasm 
is a psychogenic disorder. In this connection 
it must also be remembered that cardio- 
spasm may be present as an asymptomatic 
condition as it was, for example, in our 
patient J. K. Hence, the frequent observa- 
tion that the initial symptoms of cardio- 
spasm may arise at the time of some 
emotional trauma is again of questionable 
etiologic significance. Such patients may 
\vell suffer from latent cardiospasm which 
is accentuated at the time of mental stress. 

SUMMARY 

In four patients with cardiospasm the 
esophageal motility as studied by balloon- 
kymograph records presented tlie following 
deviations from normal: decreased tone, 
lack of propulsion and irregular phasic 
activity of variable intensity. These ab- 
normalities involved the lower two-thirds 
of the esophagus. 

Administration of acetylbetamethylcho- 
line chloride to patients with cardiospasm 
produced a violent tonic contraction of 
the lower half of the esophagus. This 
contraction obliterated even a considerably 
dilated lumen. 

The esophageal motility pattern and the 
h’^'persensitive response to acetylbetame- 
thylcholine chloride differentiated the eso- 
phageal motility of cardiospasm from that 
recorded in control subjects and in patients 
with scleroderma, mechanical obstruction 
of tlie esophagus and transient spasms of 
the esophagus. 

The diffuse derangement of esophageal 
motility found in the patients with cardio- 
spasm suggests that this disorder affects 
not only the cardia but nearly the entire 
esophagus. The hypersensitive response to a 
parasympathicomimetic agent, when viewed 
in light of Cannon’s law of denerx^ation. 


supports the hypotliesis that disruption of 
the esophageal parasympathetic inner\’a- 
tion plays a role in the pathogenesis of 
cardiospasm. 

The observations made do not elucidate 
the ultimate cause of cardiospasm. They 
indicate, however, that cardiospasm should 
be more precisely defined and should not 
be confused with other disorders of eso- 
phageal motility. They furthermore indicate 
that some of the arguments which have 
been advanced in favor of the vie\s' that 
cardiospasm is a psychogenic disorder 
must be accepted with some reserv'ation. 
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Treatment of Chronic Non-specific 
Ulcerative Colitis with Aureomycin’ 

A Preliminary Report 

Jerome A. Marks, m.d., Louis T. Wright, m.d. and Selig Strax, m.d. 

New York, New York 


A lthough the primary etiologic agent 

/\ in most cases of ulcerative colitis 
X is unknown, the secondary infec- 
tion which develops when the mucosal 
barrier is broken^’- greatly contributes to 
the clinical picture and the serious patho- 
logic changes of this disease. No specific 
pathogen has been implicated despite at- 
tempts to prove an etiologic relationship 
with Bacillus dysenteriae^’'^ or with Diplo- 
streptococcus of Bargen.®-® Rather, a wide 
variety of organisms has been cultured from 
the stool, including hemolytic and non- 
nemolytic Escherichia coli, hemolytic and 
hon-hemolytic streptococci, enterococci and 
Staphylococcus aureus.^ In an attempt to 
combat this non-specific secondary infection 
which plays so important a part in ulcera- 
tive colitis, chemotherapy and antibiotics in 
various forms have been much employed. 
For this reason it seemed expedient to note 
the effects of a new and potent antibiotic, 
aureomycin. 

Aureomycin, which was discovered by 
Duggar" and his associates, is derived from 
tlie mold Streptomyces aureofaciens and 
possesses bacteriostatic and bactericidal 
activity for a number of gram-positive and 
gram-negative organisms, including some 
penicillin- and streptomycin-resistant or- 
ganisms.® It also possesses virucidal proper- 
ties® and we have reported favorably on its 
use in the treatment of lymphogranuloma 
venereum. Its toxicity is low, tlie lethal dose 
in mice being between 3,000 and 4,000 mg. 
per Kg. of body weight.^® In solution the 
hydrochloride salt is acid and intramuscular 
* From The Surgical 


injections may be irritating. It may be given 
intravenously in doses from 200 mg. to 
1 Gm. in 500 cc. of 5 per cent glucose in 
distilled water. Oral administration of 250 
or 500 mg. three or four times a day pro- 
duces effective blood levels for twelve to 
thirty hours. Occasional nausea is encount- 
ered and may be alleviated or prevented 
with aluminum hydroxide. 

We had obtained what seemed to be good 
results with aureomycin in a case of pyo- 
derma gangrenosum occurring in a patient 
with chronic non-specific ulcerative colitis, 
the case having been previously reported." 
The effects on the condition of the colon in 
this case were sufficiently impressive to 
warrant further study of the clinical effects 
of aureomycin in chronic non-specific ulcer- 
ative colitis. 

PATIENTS, materials AND METHODS 
The patients represented an unselectcd scries 
and most of them had been under observation by 
one of us (J. A. M.) for long periods of time. Ail 
had been carefully studied by the usual methods 
of x-ray, sigmoidoscopy, stool culture and e.v- 
amination for parasites so that the diagnosis of 
idiopathic ulcerative colitis had been estab- 
lished to the exclusion of any other. 

Aureomycin (as a hydrochloride) was given 
orally in 250 mg. capsules, one every eight hours. 
If after one or more weeks there was no change 
in the clinical course, the dose was doubled; or 
per contra, if in several weeks there was significant 
improvement, -the dose ^vas reduced to one cap- 
sule once or twice daily. No other drugs were 
used e.xcept occasional small doses of belladonna 
and phenobarbital. A low-residue bland diet 


was prescribed. 

and Medical Services, Harlem Hospital, Department of Hospitals, New York, N. V . 
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Observations were directed solely toward the 
clinical response to the drug. These included, 
particularly, variation in the number of stools 
after treatment commenced, presence of blood 
in the stools, gain or loss in weight by the 
patient, variation in the sigmoidoscopic ap- 


Case I. H. M., was a male aged thirty-nine. 
The onset of diarrhea was in June, 1947, with 
ten to twelve movements daily. From then until 
the summer of 1948 he had seven to eight bowel 
movements a day and in October, 1948, they 
increased to fifteen and occasionally to twenty- 


Table I 


SUMMARY OF ACTIVE CASES OF ULCERATIVE COLITIS 


No. 

Name 

Age 

Sex 

Duration 

of 

Disease 

Duration 

of 

Treat- 

ment 

No. 

Stools 

Blood 

Character 

After Treatment 

Before 

Aureo- 

mycin 

After 

Aureo- 

mycin 

Before 

Aureo- 

mycin 

After 

Aureo- 

mycin 

Before 

Aureo- 

mycin 

After 

Aureo- 

mycin 

Weight 

Gained 

(pounds) 

Well 

Being 

Sigmoid- 

oscopy 

Improved 

1 

H. M. 

39 

m 

18 mo. 

1 2 weeks 

25 

2 

+ 

0 

Watery 

Formed 

24 

+ + + + 

•F 

2 

E. K. 

23 


5 yr. 

13 weeks 

8 

2 

+ 

0 

Watery 

Formed 

20 

+ + -f + 

+ 

3 

J. c. 

20 

■SI 

14 yr. 

1 3 weeks 

13 

6 


0 

Watery 

Formed 

28 


+ 

4 

L. M. 

21 

M 

6 yr. 

7 weeks 

6 

3 

+ 

± 

Soft 

Formed 

17 

+-t- 

0 

5 

H. M. 

19 

M 

12 mo. 

11 weeks 

7 

2 

+ 

0 

Soft 

Formed 

25 

+++-f 

-F 

6 

B. C. 

42 

M 

18 yrs. 

6 weeks 

8 

4 

4* 

0 

Soft 

Formed 

9 

4- 4“ 4* 4* 

-F 

7 

E. G. 

50 

M 

2yr. 

5 weeks 

7 

2 

+ 

0 

Soft 

Formed 

0 

-1-++ 

0 

8 

J. A. 

33 


5 yr. 

4 weeks 

9 

4 

4* 

0 

Watery 
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0 


0 

9 

S. H. 

42 



12 weeks 

3 

2 

+ 

0 

Water>' 
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+ + 

-F 

10 

R. R. 

44 



3 weeks 

10 

2 

+ 

0 

Watery 

Semi- 


4" 

0 





■ifl 
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11 

L. R. 

45 



11 weeks 

6 
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4* 
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Semisoft 
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-f-f+ 

4" 

12 

A. G. 

32 


12 yr. 

9 weeks 

9 

5 

+ 

+ 
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Semi- 


-1-+ 

Not done 












formed 




13 

C. C. 

28 

F 

lyr. 

5 weeks 

8 

3 

+ 

0 

Soft 

Soft 

B 

4- 
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Table ii 

SUMMARY OF QUIESCENT GASES OF ULCERATIVE COLITIS 
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of 
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No. 

1 

j Blood 
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Disease i 

Before 

Aureo- 

mycin 

After 

Aureo- 

mycin 

Before 

Aureo- 
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After 

Aureo- 

mycin 

1 Before 
Aureo 
mycin 

[ After 
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Weight 

Gained 

(pounds) 


j Sigmoid- 
oscopy 

1 Improved 

14 

J.C. 

38 

! 

M 1 

18 yr. 

9 weeks 

3 

3 

+ 


Soft 

Semi- 

formed 

5 


0 

15 

H. C. 

28 

M 

11 yr. 

7 weeks 

2 

2 

-F 

± 

1 Soft 

I Formed 

8 

4- 

i 

4- 
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pearance and, finally, subjective observations 
on the patient’s sense of “well being.” No studies 
were made on changes in the bacterial flora or 
in the roentgen appearance of the colon. These 
will appear at a later time. 

CASE REPORTS 

The significant clinical features of each case 
are briefly presented in the following histories 
and summarized in Tables i and ii. In addition, 
several of the cases are presented graphically in 
Figures 1 to 9. 


five or thirty daily. This was accompanied by 
a 25-pound weight loss. The past history in- 
cludes an operation for perforated peptic ulcer 
in 1930, an undiagnosed hemorrhage from the 
rectum in 1939, an appendectomy in 1946, a 
subtotal gastrectomy in November, 1946, with 
recurrence of ulcer symptoms early in 1947, 
for which vagotomy and splenectomy ^\’ere 
performed. 

He was admitted to Harlem Hospital on 
November 18, 1948, at which time he was hav- 
ing as many as twenty-five bowel movements 
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daily. Aureomycin, 250 mg. every eight hours, 
was given and on his discharge three weeks later 
the movements averaged t^vo daily. Following 
discharge aureomycin was discontinued and 
the movements increased to three or four a day. 
When aureomycin was resumed, the stools be- 


tA/ceks of^ 

01 154 SB7Q9!ontl 

■Stoois 

per 

d&y 20 

s 

\ 

Blood in 
Stools 

X X 0 0 0 o 

U/e 

US w m t3b If! 

ZmQtrot/ed^ 
' u/c// bemj 

X X XX 

fiur etrrr}(jcin 


''/////> 7777 ? 

Improved^ 

oscopuc 

afptturArKt 

X 


Fig. 1 , Case i. H. M., m 2 Je, thirty-nine years old. 


came formed again and tvere reduced to two 
daily, with a dose of 750 mg. daily. The move- 
ments continued to be formed and remained at 
two daily when aureomycin was reduced to 
250 mg. ttvice a day in the tenth tveek of 
treatment. 

Sigmoidoscopy prior to his hospitalization 
showed a swollen congested mucosa. ^Vhen sig- 
moidoscopy was repeated on January 21, 1949, 
the rectum and lower sigmoid colon showed no 
abnormalities. His -weight increased from 118 
to 142 pounds. 

Case ii. E. K., was a female aged twenty- 
three. The onset of diarrhea in 1943 was associ- 
ated rvith some bleeding, averaging si.x to eight 
movements daily. This continued on and off to 
date and was usually aggravated by an emo- 
tional disturbance. Barium colon enema in May. 
1944, indicated chronic ulcerative colitis in- 
volving the entire colon and repeated sigmoidos- 
copies showed findings typical of this condition. 
In March, 1948, she had a complete check-up 
at Mercy Hospital. Rockville Center, where the 
diagnosis of colitis was again established. Procto- 
scopic examination in October, 1948, showed 
typical granular ulcerating, congested, bleeding 
mucosa. 

The patient was admitted to Harlem Hospital 
on November 10, 1948, at which time she was 


averaging seven to eight bowel movements a 
day. Aureomycin, 250 mg. ever}- eight hours, 
■was given and continued until discharge from 
the hospital on December 1, 1948, when she was 
having two formed bowel movements daiiv 
without blood. Sigmoidoscopy revealed an 
almost normal colon. After being tvithout aurco- 
mycin for two tveeks her bowel movements 
increased to four a day but rvere promptly 
reduced to one or tsvo daily upon resumption 
of the drug. Proctoscopy on January 13, 1949, 
revealed an entirely normal mucosa. Aurco- 
mycin was discontinued and the movements 
increased to four soft stools daily but returned 
to two formed movements when 250 mg. of 
aureomycin -ss'ere given daily for one week. 
Aureomycin has been discontinued and the 
stools remain formed and occur twice daily. 

Case hi. J. C., a male aged twenty, has had 
diarrhea since 1934 when, at the age of five, 
he first had ten to twelve bou'el movements a 
day containing pus, blood and mucus. He was 
fairly well until about 1941 when he again 
began to have diarrhea and had numerous 
recurrences until 1942 when he developed a 
fistula in ano. From 1943 to early 1947 he 
averaged about si.x movements a day. In the 
spring of 1947 his botvel movements increased 
to eight or nine daily. This increase continued 
so that when first seen on August 8, 1948, he 
rvas having thirteen bowel movements a day. 
A barium colon enema done in 1943 showed 
ulcerative colitis and x-ray studies in August, 
1948 confirmed this diagnosis. Repeated sig- 
moidoscopies showed severe chronic ulcerative 


illllS. 

Aureomymin, 250 mg. every eight hours, was 
immenced on December 4, 1948, and m one 
eek caused a decrease in the number of bowel 
oveinents from thirteen to seven daily, n 
nuary 21, 1949, aureomycin was increased to 
500 mg. daily, and in the following week stools 
eraged six per day. He was kept on t is 
gimen until February' 19th, during which tunc 
ere was no significant change when aurco- 
ycin w'as reduced to 750 mg. a day. On t us 
isage he averaged about four movements 
lily, all without blood, “feels better than ever 
fore” and has gained 28 pounds since initia 
,n of aureomycin therapy. He was particu- 
rlv gratified by his improvement since it too 
ace while he svas carrying a hcasw' prograni 
college which was not interrupted dunn, 
,al examinations, at which time in the past nc 
A-ays had had an exacerbation of the disease. 
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Case iv. L. M., a male aged twenty-one, was 
first seen in 1942 at the age of fourteen when he 
was having twelve bloody movements daily 
associated with fever and chills. In the last six 
years he averaged six soft, frequently bloody 


movements daily, despite a severe cold which 
(as just noted) usually aggravated his diarrhea. 
He had no pain and there was less blood in the 
stool. He had gained 17 pounds in weight in 
seven weeks. 



Fig. 2. Case ii. E. K., female, twenty-three years old. 

Fig. 3. Case in. J. C., male, twenty years old. 

movements a day. Recently there has been Case v. H. M. was a male aged nineteen, 
considerable weight loss and blood in every The onset of bloody stools was in October, 1947. 

movement. Whenever he had a common cold, In December, 1947, barium enema revealed 

movements increased to twenty daily. Sigmoidos- chronic ulcerative colitis. About this time his 

copy on January 15, 1949, revealed diffuse con- bowel movements increased to eight daily, and 

gestion, many small bleeding points and, at 1 he was admitted in January, 1948, to the Israel 

and 5 inches from the anus, small, flat polypoid Zion Hospital (Brooklyn), ivhere the diagnosis 

growths. At this time he was given aureomycin, was confirmed, for intravenous feedings. Aureo- 

250 mg. every eight hours. mycin therapy was initiated on December 1 1 , 

During the first three weeks there was little 1948, at which time he was having seven mushy, 
change either in bowel movements or subjective bloody movements daily. Sigmoidoscopy shelved 
sensation but in the fourth week he showed a granular, congested, easily bleeding mucosa, 
definite improvement, with two to three soft The following week his mo\ ements were 
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formed and reduced to three daily ^vithout 
blood. Aureomycin has been continued and he 
now averages two movements a day without 
blood. Sigmoidoscopic examination on January 
22, 1949, revealed no congestion or edema but 
there was an occasional bleeding point. On 


revealed a normal mucosa up to 7 inches. His 
weight increased from 127 to 153 pounds, He 
is now carrying a full college program and 
states that he feels “wonderful.” 

Case vi. B. C. was a male aged forty-t\vo. 
For the past eighteen years the patient has had 
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Fig. 4. Case iv. L. M., male, tiventy-one years old. 
Fig. 5. Case v. H. M., male, nineteen years old. 
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Fig. 6. Case vi. B. C., male, forty-two years old. 

Fig. 7. Case vii. E. G., male, fifty years old. 


Februar)' 19, 1949, aureomycin was reduced to 
500 mg. dally and one week later to 250 mg. 
daily. The movements continued to be well 
formed, without blood and average two daily. 
He was free from any pain or tenesmus which 
had previously been a most troublesome sv'mp- 
tom. Sigmoidoscopy on Februarv' 27, 1949, 


annual bouts of bloody diarrhea lasting thret 
months. Repeated sigmoidoscopies and barium 
enemas revealed typical findings of uiccratne 
colitis. During the last seven years he was ha\ mc 
about eight soft, bloody movements daily u" 
stated that his true bowel habit would be about 
twelve to fourteen stools a day were it not for t » 
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Tr. Opii which he had been taking steadily. 

This was discontinued and aureomycin, 250 mg. 
every eight hours, was given beginning January 
22, 1949. On January 29, 1949, the bowel move- 
ments were five a day, slightly more formed and 
^vith less blood. Aureomycin was increased to 


Colitis — A4arks et al. 185 

tremely congested, edematous bleeding mucosa 
with a thick purulent discharge. Aureomycin, 
250 mg. eveiy eight hours, was started. Four 
days later he again had a cold and the stools 
increased to ten daily. Aureomycin was in- 
creased to 1,500 mg. daily. In the next three to 
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Fig. 8 Fig. 9 

Fig. 8. Case x. R. R., female, forty-four years old. 
Fig. 9. Case xi. L. R., male, forty-five years old. 


1,000 mg. a day. During the next three weeks 
he felt better and was having three to five semi- 
formed movements daily, free of blood. Aureo- 
mycin was reduced to 750 mg. daily. The stools 
continued at four daily, were fairly well formed 
and free of blood. Subjectively he felt much 
stronger, was free of tenesmus, had had no 
“accidents” and was 9 pounds heavier. Sig- 
moidoscopy on February 27, 1949, showed 
moderate congestion but no bleeding points, 
edema or ulceration. Aureomycin was decreased 
to 250 mg. daily. 

Case vii. E. G. was a male aged fifty. In 
February, 1946, following a cold, he had four 
to seven watery bowel movements a day, Avith 
blood and mucus. Since then, he has had fre- 
quent attacks of diarrhea -with as many as 
fifteen to twenty movements a day. He believes 
the attacks of diarrhea are usually initiated by 
nervous tension. Repeated sigmoidoscopic ex- 
aminations and barium enemas revealed typical 
findings of chronic ulcerative colitis. 

About January 10, 1949, he had a cold and 
had six to eight bloody movements a day. 
Proctoscopy on January 21st revealed an ex- 
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four days the movements were reduced to six 
to eight and in the course of the following t\vo 
weeks the bowel movements gradually dimin- 
ished so that on February 15, 1949, he was 
having two or three formed stools a day. At this 
time aureomycin was discontinued for three 
days and the bowel movements promptly in- 
creased to five a day. ^'V’hen aureomycin was 
resumed (750 mg. daily), he again had two 
formed stools daily. There has been no change 
in the sigmoidoscopic picture. 

Case viii. J. A., a female aged thirty-three, 
developed bloody diarrhea in March, 1943, and 
was hospitalized at the Mount Sinai Hospital 
for three months, receiving fifteen transfusions. 
Severe recurrence for five weeks in November, 
1944, and again in February, 1947, necessitated 
hospitalization. When first seen on August 9, 
1947, she was having six soft, bloody stools daily. 
Sigmoidoscopic examination was typical of 
ulcerative colitis, as was the roentgen examina- 
tion which revealed, in addition, a complete 
situs inversus. Since the initial visit, she has had 
severe recurrences requiring further hospitaliza- 
tion, each recurrence lasting several weeks to 
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months. On February 12, 1949, there was a 
sudden onset of diarrhea with nine bloody 
movements daily. Aureomycin, 250 mg. every 
eight hours, was prescribed. Four days later the 
stools were reduced to four a day, without blood. 
This continued for ten days ^vhen the movements 
became formed and \vere only two in number. 
Between March 1st and 4th, she took no aureo- 
mycin and continued to feel \vell. On the latter 
date she began to menstruate; she also developed 
a cold and had six bowel movements. Aureo- 
mycin, 250 mg. every eight hours, was ordered 
and on each of the next two days she had eight 
bloody bowel movements. Aureomycin was 
increased to 500 mg. every eight hours with a 
gradual reduction in the bowel movements as 
well as a disappearance of blood. During the 
course of this episode the patient did not lose 
weight and sigmoidoscopic examination showed 
no change. 

Case r.x. S. H. was a male aged forty-two. 
This patient had a duodenal ulcer with ob- 
struction, for which a gastro-enterostomy was 
done in 1945. In November, 1948, he began 
having three soft, watery, frequently bloody 
bowel movements daily. Previously he had 
always had one or two formed movements. He 
attributed the diarrhea to increased nervous 
tension and \vorry over his son who was a mental 
problem. A barium colon enema and proctos- 
copy on December 4, 1948, ^vere both positive 
for chronic ulcerative colitis. On December 8, 

1948, aureomycin, 250 mg. ever)' eight hours, 
%vas initiated. After one ^veek the bowels became 
formed, were reduced to two daily and the 
blood became less and less until it was entirely 
absent. After six weeks aureomycin was reduced 
to 250 mg. twice each day with no alteration in 
bowel habits. Sigmoidoscopy on February 5, 

1949, showed a few pin-point bleeding areas 
but no ulcers, edema, congestion or friability. 
Aureomycin was reduced to 250 mg. daily and 
on February 20, 1949, was discontinued. The 
movements continued to be formed, two daily 
(his previously normal bowel habit) and Avithout 
any blood. During the time he was on aureo- 
mycin his weight increased from 161 to 165 
pounds. 

Case x. R. R. was a female aged forty-four. 
In 1944 this patient had bloody diarrhea with 
fifteen to twenty movements daily, the attack 
lasting about four months. In November, 1948, 
she had twenty bowel movements each day 
for one month, which gradually became less, so 


that for the next ttvo months there were about 
ten stools a day containing much blood, pus and 
mucus. X-ray examination on Februar)- 15. 
1949, revealed typical severe ulcerative colitis 
with polyp formation. Proctoscopy revealed 
profuse bloody purulent discharge, with an 
ulcerated, edematous and bleeding mucosa. 
The liver was 2 inches below the costal margin 
and tender, and there was marked edema of 
the ankles. She tvas hospitalized at the Uni- 
versity Hospital (New York) where her tempera- 
ture fluctuated up to 101 °f. Laboratory .study 
disclosed the liver function tests to be normal 
but marked anemia and hypoproteincmia were 
present (7.7 Gm. of hemoglobin; total protein 
4.7 Gm.). 

Aureomycin, 500 mg. every eight hours, was 
started and after one week the stools were 
reduced to four in twenty-four hours, all with 
less blood. At the end of the third sveck of treat- 
ment the patient had two formed movements 
daily, without blood, pus or mucus, and the 
ankle edema had subsided. 

Case xi. L. R. was a male aged forty-five. 
About five years ago this patient had an attack 
of diarrhea, cramps and fever lasting one week. 
In 1945 he had a recurrence of the diarrhea, 
with bleeding, which persisted to November 27, 
1948, when he was first seen. His stools averaged 
five to six semisoft movements with varying 
amounts of blood, from specks to half tcaspoon- 
fuls. Preceding each movement there was a 
mucous discharge. Sigmoidoscopy revealed an 
edematous hyperemic mucosa which was the 
seat of geographic erosions. There was much 
bleeding ^vith considerable lymphoid hyper- 
plasia and mural fibrosis. Cultures were negathe 
for B. dysenteriae. Aureomycin, 250 mg. every 
eight hours, was commenced on November 2 , 

1948. For two weeks he continued to pass some 
mucus and a little blood but no pus. The stools 
gradually became less frequent so that he ha 
two or three formed movements daily without 
tenesmus, pus or blood. There was improNcmc^nt 
in mood, he became brighter, more cheenu 
and less irritable. Sigmoidoscopic examination 
on December 11, 1948, showed an occasiona^ 
pin-point bleeding area but no ulcerations, e 
continued to report further improvement and 
aureomycin was discontinued on February a, 

1949, after eleven weeks. 

C.ASE XII. A. G. was a male aged thirty-two. 
In 1937 this patient began to have diarrhea 
while he was a student at college. The movi- 
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merits fluctuated between four and twelve stools 
daily. He continued to have frequent bowel 
movements and was studied in 1941 and 1942 
when barium enema showed an “extensive 
ulcerative colitis involving the entire large 
bowel.” Similar findings ivere noted in later 
barium enemas and repeated sigmoidoscopies 
always showed typical ulcerative colitis findings. 

For the past several years he has averaged eight 
or nine soft bloody movements a day. Aureo- 
mycin, 250 mg. every eight hours, was started 
on December 22, 1948, and was continued four 
weeks with reduction of stools to five daily. At 
this time aureomycin was increased to 500 mg. 
tivice daily. This produced no change in the 
stools but two iveeks later the patient reported 
(by mail): “I now feel better than usual. The 
consensus is that I am looking well — for me.” 

Aureomycin was now dropped to 250 mg. 
every eight hours and two weeks later a similar 
report was received from the patient. 

Case xiii. C. C. was a female aged twenty- 
eight. For the past year this patient had from 
five to ten bowel movements daily containing 
blood and pus with tenesmus and urgency. 
Cramps were relieved by bo^vel movements. 

She was admitted to Harlem Hospital on 
January 15, 1949, where sigmoidoscopy showed 
an edematous and friable mucosa with small 
hemorrhagic areas and a purulent discharge. 
Barium colon enema revealed loss of haustration 
with diffuse irregularity of the outline of the 
descending colon. Aureomycin, 250 mg. every 
eight hours, was given on February 3, 1949, and 
was increased to 500 mg. every eight hours on 
February 8, 1949. The bowel movements were 
reduced to three daily, were more formed and 
contained less blood. Cramps continued and 
nausea developed. Aureomycin was reduced to 
250 mg. every eight hours on February 19, 1949, 
and on this regimen she continued to have three 
to four soft bowel movements daily. Her weight 
dropped 12 pounds during the month. There 
was no change in the sigmoidoscopic picture. 

Case xiv. J. C. was a male aged thirty-eight. 

In this patient the onset of diarrhea was in 1931 
with several attacks every year since. In 1935 
blood was first noticed in the stool. Attacks 
recurred two or three times a year until 1939. 
From then on he was fairly well until 1 945 when 
he had four to five bowel movements a day 
associated with considerable ^veight loss. In 
May, 1947, bowel movements increased to ten 
loose stools a day and this condition was ag- 
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gravated Avhen he went away on a vacation. 
During the winter of 1947 to 1948 there was 
considerable diarrhea and he had “accidents” 
on the way to work so that he became quite 
nervous about going to his office. Repeated 
sigmoidoscopic examinations over these years 
revealed typical findings of chronic ulcerative 
colitis and a polyp 2 inches from the anus. 

Aureomycin, 250 mg. every eight hours, was 
started on December 16, 1948. On January 17, 
1949, he noted little improvement so the dose 
of aureomycin ^vas increased to 500 mg. every 
eight hours. He remained on this regimen for 
three weeks after which he became so nause- 
ated that he discontinued the drug. The bowel 
frequency was about the same (three to four) as 
before treatment but the stools were some\\’hat 
more formed and contained less blood. He felt 
stronger, had gained 5 pounds (1 1 5 to 1 20) and 
had had no “accidents,” which heartened him 
a great deal. 

Case xv. H. C. \vas a male aged twenty- 
eight. In this patient the onset of diarrhea was 
in 1938, with frequent recurrences in 1940 and 
1941, each with about eight or nine bowel 
movements a day. He was studied at the Roose- 
velt Hospital where a barium colon enema 
showed “atypical mucous membrane through- 
out the large bowel. There is definite ulceration 
of the transverse colon and descending portion.” 
Although relatively well in the period of 1942 to 
1947 there were occasional bouts of diarrhea, 
frequently with blood. Repeated sigmoidoscopic 
examinations revealed typical findings of ulcera- 
tive colitis. In September, 1947, he developed 
an ischiorectal abscess which required drainage 
and subsequent re-operation. During 1948 he 
averaged two semiformed bloody stools daily. 
Sigmoidoscopy on December 17, 1948, showed 
diffuse mucosal congestion with edema and 
many small bleeding points. Aureomycin, 250 
mg. every eight hours, was given. On January 
10, 1949, the patient stated that the stools had 
become very well formed although still con- 
taining slight blood. Sigmoidoscopy on this same 
date to 8 inches revealed normal mucosa. .A,ureo- 
mycin was reduced to 250 mg. twice daily. On 
February 4, 1929, bowel movements were well 
formed and numbered two daily containing 
somewhat less blood. Sigmoidoscopy again re- 
vealed normal mucosa. A weight gain of 8 
pounds was noted. 

A case of special interest, not included in this 
series, is reported from the hlount Sinai Hos- 
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pital. Aureomycin was requested by Dr. Burrill 
B. Crohn for use in treatment of one of his 
patients and an abstract of the protocol is as 
follows; A thirty-eight year old male (W. F.) 
entered the Mount Sinai Hospital on January 
7, 1949. He had had recurrent exacerbations of 
chronic ulcerative colitis during the past tw’elve 
years. Three weeks before admission an acute 
exacerbation developed in which he had five to 
ten w'atery and bloody bo^vel movements daily 
accompanied by severe rectal tenesmus and 
fever. On admission he show'ed marked second- 
ary anemia, a temperature of 102°f., pulse 100 
and respiration 22. Laboratory studies revealed 
a hemoglobin of 12.9 Gm. This value varied 
according to transfusions and blood loss per 
rectum. The w'hite blood count w'as 23,500 and 
the differential showed a shift to the left. 

Under treatment w’ith amphojel and de- 
odorized tincture of opium he continued to 
have five or six w'atery bo\vel movements daily. 
From January 10th to the 19th he w'as given 
2 Gm. of streptomycin daily in divided doses 
intramuscularly but despite this therapy his 
bowel movements averaged twenty daily. Bow'el 
movements were foul in odor, containing pus, 
blood and mucus. On January 20th and 2tst he 
was given 300,000 units of penicillin daily with 
no effect. On January 19th his condition had 
deteriorated showing abdominal distention and 
tenderness and spasm in the right lower quad- 
rant associated with singultus and vomiting. A 
surgical consultant decided against surgical 
intervention and the patient w'as treated con- 
servatively wdth nothing by mouth and a Harris 
tube. On January 21, 1949, it w’as deemed 
advisable to use aureomycin. 

Treatment -was initiated w'ith intravenous 
administration of 600 mg. of aureomycin in 
divided doses and 250 mg. orally four times a 
day. The oral route was employed despite the 
fact that some of the drug ^vould be lost through 
the Harris tube. At the beginning of treatment 
his temperature was 102°f., pulse 130 and ab- 
dominal distention was present with marked 
tenderness on the right side. Thirty-si.x hours 
later the temperature fell to normal but rose 
again to 101°f. on the fifth and sixth days after 
treatment w-as started. On the sixth day of aureo- 
mycin therapy the temperature fell to normal 
and remained normal thereafter. During this 
period there was a distinct change in the charac- 
ter of the bowel movements. On an average 
there %vere eleven bowel movements per day. 


Some tvere semiformed, non-odorous. contain- 
ing no pus and little or no blood. The color aho 
changed from green to light yellow. On Febru- 
ary 1, 1949, the patient was placed on oral 
aureomycin alone, receiving 250 mg. four times 
a day and his condition w'as definitely improved. 
At this time an ileostomy \vas decided upon and 
on February 3, 1949, it was carried out. Opera- 
tion revealed “evidence of acute and chronic 
inflammation of the right louver quadrant with 
the terminal ileum adherent to the cecum. 
There was also an inflammator)- process in the 
pelvis. These processes w'ere probably due to a 
recent perforation.” Postoperative!)', the patient 
continued on intravenous aureomycin Dr the 
first forty-eight hours during which time he had 
the usual postoperative reaction. Ho\vevcr, on 
the second postoperative day the temperature 
increased to 103.8°f. with a pulse to 134. Bowel 
movements became bloody, increased in fre- 
quency and the patient went rapidly downhill 
and expired on February 11, 1949. 

RESULTS 

The fifteen cases constituting this study 
may be divided into two groups: (1) Thir- 
teen cases representing “active” colitis (i.c., 
diarrhea of from three to twenty-five bowel 
movements daily w'ith typical sigmoido- 
scopic and roentgen findings) and a second 
group (2) of two cases (xiv and xv) which at 
the time of study were in a “quiescent” 
phase (although still displaying roentgen 
and sigmoidoscopic evidence of disease 
and with a history of repeated earlier bouts 
of severe activity). 

Active Cases. Bearing this division in 
mind, it is immediately apparent that the 
greatest effect occurred in the diarrheal group 
(1) of w'hich all thirteen patients showed 
a reduction in the number of daily stools. 
This reduction amounted to at least 50 per 
cent in eleven of the thirteen cases. The 
majority of cases (i, n, iii, v, vnr, viu, 
and xiii) exceeded this reduction and 
W'ere having one-third, one-fourth, or even 
fcw'cr movements than before initiation of 
aureomycin. 

There were two cases (of thirteen) 
which stools w'crc reduced but by Ic-'S than 
one-half. In one of these (Case xn) the colitis 
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history extended hvelve years and the move- 
ments had been ‘‘stabilized” at about nine 
daily. These were reduced in about four 
weeks to five per day. The second case 
(Case ix) was a colitis of brief duration (one 
month) with minimal symptoms, and the 
patient’s bowel habit was restored to the 
“pre-colitic” normal (two) after one week 
of aureomycin. 

Gross blood was present in the stools of 
all thirteen patients. As treatment pro- 
gressed it disappeared completely from 
eleven (85 per cent) and was reduced in 
amount and/ or frequency in the remaining 
two patients. 

A change in the consistency of stools was 
also observed. All of the thirteen patients 
had watery or semiformed stools before 
commencing aureomycin therapy. Of these, 
ten (77 per cent) later had formed stools 
and in two more the stools became gradu- 
ally firmer although never fully formed. 
Thus, concomitant with the reduction in 
diarrhea, twelve of the thirteen patients 
(92 per cent) developed improved con- 
sistency of the stools. 

Along with the reduction of bowel move- 
ments there was a gain in weight in seven 
patients (of thirteen) ranging from 4 to 
28 pounds. The patients displaying the most 
severe degree of nutritional deficiency 
manifested, in general, the greatest degree 
of recovery while those who had maintained 
their weight despite the disease showed only 
little (Case ix) or no improvement in this 
respect. 

Two patients, although showing reduc- 
tion in diarrhea, lost weight. In the first 
case (Case xiii) this was in large part due 
to nausea which developed incident to use 
of the drug, the weight loss being promptly 
reversed when nausea was controlled by use 
of aluminum hydroxide gel. The second 
patient (Case x) lost about 3 pounds in the 
first two weeks of hospitalization, apparently 
due to disappearance of marked ankle 
edema, when the hypoproteinemia was 
relieved. 

General well being kept pace witlr reduc- 
tion in bowel movements and weight gain. 


Practically all of the patients in this group 
said they felt much better and stronger. 

Seven of twelve patients showed improve- 
ment in the sigmoidoscopic appearance. 
This took the form of reduction in conges- 
tion and edema, decrease in bleeding points 
and ulcers and less granular appearance of 
the mucosa. In some cases the sigmoido- 
scopic picture was normal. 

The improvements reported were ob- 
tained in some of the patients within a week 
or two but often the maximum benefit was 
not achieved for three to five weeks or 
longer. Aureomycin was continued well 
beyond this time whenever possible so that 
the value of a prolonged course of anti- 
biotic therapy could be determined. 

Quiescent Cases. As was to have been 
expected the patients in the quiescent group 
(2) showed no change in the number of their 
bowel movements. But even here certain 
benefits were reported. Case xrv, a very 
undernourished thirty-eight year old male 
weighing 115 pounds, gained 5 pounds and 
stated that he felt better despite marked 
nausea which forced him to discontinue the 
drug. In addition, the stools had become 
more formed and he no longer had “acci- 
dents.” There was no change in the appear- 
ance of the bowel on sigmoidoscopy. Case 
XV gained 8 pounds in weight, reported 
slightly less blood in the stools which had 
become well formed and showed some 
improvement in the sigmoidoscopic picture. 

Toxic Effects and Side Reactions. No toxic 
effects or side reactions were obsen^ed in 
this series of cases other than nausea. This 
was noted in three of the fifteen patients. 
J. C. (Case xrv) became so nauseated after 
1,500 mg. daily for three weeks that he had 
to discontinue the drug. Case xiii continued 
to take the drug despite marked nausea, 
which resulted in anorexia and weight loss. 
The nausea was controlled when aluminum 
hydroxide gel was administered simul- 
taneously with aureomycin and the dosage 
of the drug was reduced. 

Evaluation. The difficulty in determining 
the value of any tlrerapy in ulcerative 
colitis is well known. No disease has more 
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of a tendency toward natural, spontaneous 
remission, often occurring suddenly just 
when the picture seems blackest. The 
powerful effect of psychologic influences, 
such as the exhibition of a new therapy, is 
also well known. The greatest caution must 
therefore be exercised in imputing a specific 
virtue to any therapy in this disease. We 
believe, however, that the high degree of 
response to aureomycin obtained in these 
unselected cases is encouraging and sig- 
nificant and deser\?^es further study. 

SUMMARY AND CONCLUSION 

1. Thirteen patients with active ulcera- 
tive colitis were treated with aureomycin 
hydrochloride* in doses averaging 250 mg. 
ev’^ery eight hours. All showed reduction in 
the number of bowel movements; in eleven 
of the thirteen cases (85 per cent) this 
reduction amounted to 50 per cent or more. 

2. In eleven of the thirteen cases (85 
per cent) the gross blood in the stools 
disappeared. 

3. All of the thirteen active patients 
reported improvement in the sense of well 
being (including greater strength, less pain 
and tenesmus and cessation of accidents). 

4. Gain in weight (4 to 28 pounds) was 
reported in seven patients (54 per cent) 
during treatment. Weight loss occurred in 
two hospitalized cases. 

5. The sigmoidoscopic appearance was 
improved in seven of twelve patients. 

* The aureomycin used was furnished through the 
courtesy of tlic Lcdcrlc Laboratories Division of the 
.American Cyanamid Company, Pearl River, N. Y. 


6. Two patients with quiescent ulcer- 
ative colitis showed no change in dailv 
bowel movements but reported improve- 
ment in well being, less blood in tlie stools 
and a weight gain of 5 and 8 pounds, 
respectively. 

7. Severe nausea was experienced by 
three patients. This was controlled by 
aluminum hydroxide gel and reduction in 
•dosage. 

8. While the results herein reported arc 
most encouraging and appear significant, 
great caution is urged in interpreting the 
value of aureomy'cin in ulcerative colitis 
therapy. 
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Significance of Hyperalimentation in 
Treatment of Chronic Idiopathic 
Ulcerative Colitis* 

Thomas E. Machella, m.d. 

Philadelphia^ Pennsylvania 


U NTIL two and one-half years ago 
our management of patients with 
chronic idiopathic ulcerative coli- 
tis, like that of many other clinics, con- 
sisted of: (1) a high caloric, low residue 
diet of which the patient ate very little; 
(2) a course of some sulfonamide, despite 
the fact that a pathogenic bacterium 
rarely, if ever, was isolated from the stool; 
(3) vitamins and (4) various antidiarrheal 
agents. When the patient failed to respond 
to these measures, he was referred to a 
surgeon for an ileostomy. 

Then we tried a ‘‘medical ileostomy,” the 
purpose of which is to place the colon at 
rest. This was accomplished by intubating 
the small intestine as far as the terminal 
ileum (or if the ileum was involved, to a 
point just proximal to the involved portion) 
with a Miller-Abbott tube and by applying 
constant suction so as to prevent the small 
intestinal contents from entering the dis- 
eased bowel. At the same time an effort 
was made to maintain the nutritional 
status of the patient by oral administration 
of a largequantity of a mixture of predigested 
casein and dextrimaltose in such solution 
that any residue could be withdrawn 
through the tube. The results were most 
satisfactory. 

Our experience over a year with this 
procedure led us to suspect that the more 
effective factor in the improvement of the 
patient was the accomplishment of ade- 
quate nutrition by administration of the 


hydrolysate-dextrimaltose solution. There- 
fore in a subsequent series of cases we 
omitted the intubation but retained all the 
other features of the adopted management: 
administration of an excessive amount of a 
readily absorbable dietary solution, high 
in protein and with added vitamins, blood 
transfusions when indicated and measures 
for the control of emotional disturbances. 
Chemotherapeutic agents and antibiotics 
were rarely employed. 

Our experience with fourteen patients 
who had chronic non-specific ulcerative 
colitis so treated, compared with tliat of a 
series of patients who underwent intubation, 
comprises the basis of this report. 

PROCEDURE 

The patient was placed on a dietary regimen 
that consisted solely of administration of a 
solution of a mixture of equal parts of an 
enzymatic casein hydrolysate* and of dexfri- 
maltose. A measured amount of the mixture, 
sufficient for a day’s feedings and calculated on 
the basis of 20 calories per pound of pre- 
illness weight, ^\'as dissolved in enough boiling 
water to yield a 15 to 25 per cent solution and 
stored in quart milk bottles in an icc chest. 
Two hundred to 400 cc. of the solution were 
ingested every two hours from 6 a.m. to 10 p.m., 
thus suppl>dng 225 to 450 Gm. of protein and 
1,800 to 3,600 calories daily. In addition the 
patient received iron and the following vitamin 

* The powder mixture, consisting of 50 per cent 
protolysate and 50 per cent dextrimaltose No. 2, was 
generously supplied by’ Mead Johnson and Co. 
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supplements by mouth: thiamine, 10 mg., 
nicotinamide, 100 mg., riboflavin, 2 mg. and 
ascorbic acid, 50 mg. three times per day and 
1 multivitamin capsule and 2 mg. of vitamin K 
daily. Administration of the solution was con- 
tinued until such time as clinical and sig- 


Table I 

DESCRIPTION OF PATIENTS 


Case 

No. 

Se.\/ 

Age 

Duration* 

Genera] 
Physi- 
cal Ap- 
pear- 
ance 

Fever 

Ano- 

rexia 

Of 

Disease 

Of Im- 
mediate 
Attack 

1 

M/13 

2 Y* 

2 M 

Critical 

+ 

-f- 

2 

M/29 

2 Y 

3 M 

Good 

0 

+ 

3 

F/60 

4 Y 

7 M 

Good 

0 

+ 

4 

F/21 

19 M* 

6 M 

Good 

0 

0 

5 

M/25 

11 Y 

1 M 

Good 

+ 

0 

6 

M/22 

8 Y 

4 Y 

Poor 

+ 

+ 

7 

M/60 

4 Y 

4 Y 

Poor 

+ 

+ 

8 

M/30 

2 Y, 9 M 

7D* 

Good 

0 

0 

9 

M/50 

2 Y 

2 Y 

Good 

-t- 

+ 

10 

M/50 

3 M 

3 M 

Good 

+ 

+ 

11 

F/32 

18 M 

18 M 

Good 

+ 

0 

12 

F/38 

1 M 

1 M 

Good 

0 

4- 

13 

iM/31 

5 Y 

3 M 

Poor 

0 

+ 

14 

F/29 

5 Y 

1 Y 

Good 

0 

0 


* Y = years, M = months, D = days 


moidoscopic improvement was observed. Then 
increasing amounts of a high caloric, high 
protein and low residue diet of the ordinar>" 
type tvere ingested and the hydrolysate-de.xtri- 
maltose solution was correspondingly reduced. 

Other abnormalities, such as hypochlorcmia, 
acid-base imbalance and dehydration, if pres- 
ent, were corrected as promptly as possible. 
Anemic patients received transfusions of whole 
blood. Emotional disturbances were given 
special attention, the psychiatrists being called 
in when their serxdces seemed to be indicated. 

Desaiplion of Patients. The fourteen cases 
represent thirteen patients, one of whom had a 
relapse. They were fairly representative of the 
types of disease usually encountered. (Tables i, 
n, in and iv.) Some cases were acute and others 
chronic but all were regarded as being severe. 
Seven of the patients had varying degrees of 
fever, ranging from a low grade pyrc-sia to the 
more severe forms such as occur in the ful- 
minating u^pcs of the disease. One patient 
(Case xin) had erythema nodosum and acute 
arthritis; another (Case xn) was three and one- 


half months pregnant. The terminal ileum, in 
addition to the colon, was involved in four 
patients. 

The average loss of \veight prior to the oinet 
of therapy was 20 (6 to 34) pounds, and the 
number of stools ranged from an average 
Table n 


PROCTOSIGMOIDOSCOPIC FINDINGS AND IXTFNT 
OF INVOLXEMENT AS DETERMINFD 
ROENTGENOLOGICALLY 


Case 

No. 

Sigmoidoscopic ! 

Findings 

Part of Intestinal 
Tract Involved 

Hyper- 

emia 

Edema 

Ulcers 

.‘\ccording to 
Roentgen 
Examination 

1 

Pa 

no 

tient too 
it examir 

ill; 

icd 

Entire colon and ter- 
minal ileum 

2 

+ 

0 

+ 

Entire colon 

3 

+ 

+ 

0 

.Sigmoid 

4 

+ 

0 

0 

Entire colon 

5 

+ 

+ 

1 

+ 

Descending colon and 
sigmoid 

6 

+ 

-t- 

+ 

Entire colon and ter- 
minal ileum 

7 

4" 

4" 

0 

Descending colon and 
sigmoid 

8 

4“ 

4- 

0 

Entire colon 

9 

4* 

-!- 

0 

Entire colon 

10 

-t- 

0 

0 

Cecum and sigmoid 

11 

+ 

+ 

0 

Entire colon and ter- 
minal ileum 

12 

+ 

+ 

0 

Sigmoid 

13 

+ 

+ 

0 

Entire colon and ter- 
minal ileum 

14 

4* 


0 

Entire colon 


Table hi 

CHA.NCES IN BODY \SXICHT IN POUNDS 


Case 

Ko 

Before 
Onset of 
Illness 

At Onset 
of 

Treatment 

1 

On 

Discharge 

from 

Hospital 

On 

Recent 

FolloiN-up 

1 

90 

58 

78 

107 

9 

180 

150 

159 

162 

3 

152 

143 

143 

153 

4 

105 

80 

85 

109 

5 

164 

147 

150 

15fi 

6 

136 

106 

104 

118 

7 

175 

141 

145 

I-ll 

8 

162 

152 

153 

16** 

9 

136 

II6 

120 

\2i(} 

10 

200 

181 

185 

\fr 

n 

138 

108 

104 

113 

12 

137 

124 

124 ; 

\Z2 

13 

121 

115 

109 i 


14 

167 

152 

Still in lK7?pJMi 
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minimum of 6 to an average maximum of 
11.1 per twenty-four hours. 

The duration of strict hydrolysate-dextri- 
maltose therapy alone averaged 24.4 (seven to 
sixty days. The patients were hospitalized an 
average of 32.7 (11 to 70) days after beginning 


subjected to severe emotional insults. The 
fever subsided when a bad domestic situa- 
tion was corrected and has not returned. 

Anorexia. After seven to fourteen days 
of therapy anorexia was replaced by 
appetite and subsequently by hunger. A 


Table iv 

CHARACTERISTICS OF STOOLS PRIOR TO THERAPY AND ON DISCHARGE FROM HOSPITAL 


Case 

No. 

Prior to Therapy 

On Discharge from Hospital 

1 

' 

No. of Stools 
per 24 Hours 

Character 

No. of Stools 
per 24 Hours 

Character 

Consistency 

Blood 

i 

Mucus ' 

1 

Consistency 

Blood 

Mucus 

1 

8-12 

L* 

1 

+ 

+ 1 

7-8 

SF j 

+ 1 

+ 


6-32 

L 

+ 

+ 1 

1-2 

F* 

0 

0 


1- 2 

SF* 

+ 

+ i 

1 

F 

0 

0 


3- 5 

SF 

0 

+ 

1-2 

F 

0 ' 

0 


6- 8 

L 

+ 

+ 

2-4 

F 

0 

+ 


6- 7 

L 

+ 

+ 

0-1 

F 

0 

0 


10-15 

L 

+ 

+ 

1-2 

F 

0 

0 

8 

5- 6 

L 

+ 

+ 

5-6 

L 

0 

+ 

■■ 

10-12 

L 

0 

+ 

1-2 

F 

0 

0 

HI 

3- 4 

L 

+ 

1 

0-1 

F 

0 

0 

Um 

6- 8 

L 

0 

1 "1" 

1-2 

F 

0 

0 

By 

8-30 

L 

+ 

i + 

1-2 

F 

0 

0 

mjm 

4- 5 

L 

-b 

I -b 

1-2 

F 

0 

0 


8-10 

L 

+ 

-b 

1-2 1 

SF 

-b 

0 


* L = liquid; SF = semi-formed; F = formed 
f Still in hospital 

the special form of therapy. (Table v.) The 
private patients in the series (Cases ii, vni, ix and 
xii) were not kept in the hospital as long as was 
desirable because of the expense of hospitaliza- 
tion. One of them (Case viii) continued the 
hydrolysate therapy at home. 

RESULTS 

General. Within seven to fourteen days 
of the institution of the therapy, an improve- 
ment in the general condition of the patient 
usually occurred. This was reflected in 
his subjective feeling as well as in his 
appearance and in a return of appetite. 

Fever. Fever subsided without the use 
of sulfonamides or antibiotics in six of the 
seven patients. In one instance (Case i) sul- 
fasuxidine was administered and appeared 
to abolish the pyrexia. In another (Case x) 
the fever relapsed when the patient was 


complaint of hunger was the most reliable 
sign heralding the patient’s subsequent 
improvement. Stigmas of vitamin deficiency 
(cheilosis and glossitis) present on admission 
in two patients (Cases i and ii) disappeared. 

Body Weight. During the period of 
liquid alimentation most of the patients 
maintained or gained weight. Some of this 
was due to retained fluid since loss of weight 
and diuresis usually occurred when the 
transition to an ordinary diet was first 
made. Maximal weight gain was not at- 
tained until a high caloric and low residue, 
but otherwise normally mixed diet, was 
ingested, especially after the resumption of 
home-cooked food. The average gain in 
weight was 3 pounds (—6 to 20) at the 
time of discharge from the hospital, and 
at the time of the latest follow-up, 13.4 
pounds (—2 to 49). (Table in.) 
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Stools. When the liquid dietary regi- 
men was instituted, the number of stools 
per day promptly decreased, remained the 
same or, in a few instances, increased. A 
sharp increase in the number of rectal 
discharges indicated that either some situa- 
tion had arisen which had upset the patient 


Table v 

DURATION OF THERAPY 


Case 

No. 

No. of Days Hydrolysate and 
Dextrimaltose Were Only 
Source of Calories 

Total No. of Days 
in Hospital 

1 

31 

41 

2 - 

20 1 

' 21 

3 

7 

11 

4 

19 1 

37 

5 

56 I 

70 

6 

i 30 1 

40 

7 

23 

25 

8 

7 

13 

9 

10 ! 

14 

10 

28 ' 

40 

11 

14 ! 

23 

12 

16 

21 

13 

60 

70 

14 

i 

,0 1 

Still in hospital 


emotionally, that the concentration of the 
solution was excessively hypertonic or that 
the solution had become contaminated 
with bacteria. Respite from the emotional 
up-set or correction of the abnormality in 
the diet consistently resulted in a reduction 
in the amount of diarrhea. 

The most consistent and striking decrease 
in the number of stools occurred when the 
patient was again placed on an ordinary 
high caloric, low residue and bland diet. 
The stools also became formed. At the time 
of discharge from the hospital (Table \\') 
the number of stools varied from an average 
minimum of 1 .6 to an average maximum of 
2.6 per twenty-four hours. The two patients 
(Cases I and \nii) who had five to eight 
stools per day at the time of discharge 
from the hospital were permitted to leave 
before complete remission was induced. 
decrease in the number of stools occurred 
subsequently as they continued to improve. 

Pfoclosigmoidoscojnc .'Ippearatice. Prior to 
the onset of therapy the most frequent 


proctosigmoidoscopic appearance was ilvai 
of hyperemia, edema and. on passage of the 
scope or light wiping, a tendency to bleed. 
(Table ii.) Actual ulcerations usually were 
not seen until the edema had subsided, at 
which time they were seen in all patients 
examined. 


Table vi 

FOLLOW-UP V.\TA 


Case 

No. 

Duration 
of Re- 
mission 
(mo.) 

) 

Weight 
Gain Since 
Discharge 
from 
Hospital 
(lbs.) 

No. of 
Stools per 
24 Fiours 

Ability to 
Resume 
Pre-iilness 
Status 

1 

17+ 

29 

2-3 

-h 

2 

9* 

3 

1-2 

+ 

3 

15-f 

9 

1 

•f 

4 

13-1- 

24 

1 

-h 

5 

8-1- 

8 

2-3 

-f 

6 

8-f 

14 

1-2 1 


7 

8-f 

6 

2-3 j 

-f 

8 

6-f 

12 

3-4 ' 

•f 

9 

5ri- 

16 

1-2 j 

•h 

10 

4-f 

2 

0-1 j 

T 

11 

4-f 

8 

2-3 i 


12 

2l‘i + 

-2 

1-2 ' 

0. 

13 

1 + 

7 

3-4 1 

Conv.ilcscini; 

14 

1 

1 

Still in hospital ^ 



* Relapsed; data refer to status immediately prior to 
relapse. 


The improvement in the proctoscopic 
appearance was the form of objective evi- 
dence that appeared to parallel the clinical 
course of the patient most closely. At the 
time of discharge from the hospital the 
status of the involved lower bowel was 
reported as “healed” in one case (Ca.se in), 
“no change” in one (Case vin) and ‘ im- 
proved” in ten. One patient (Case i) vas 
not proctoscoped because of marked apj^rc- 
hension. Five of the ten patients tvho were 
considered improved at the time of dis- 
charge have been reported as healed at 
subsequent examination. It has not bc( n 
possible to examine proctoscopically the 
remainder, but clinically they arc no« m 
remission. 

Roentgen Appearance oj the Colon. Iniimou 
ment in the roentgen appeanwer of the 
colon usually lagged behind that obtsrset 
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clinically and sigmoidoscopically. In only 
one of the patients (Case xii) was the 
colon reported to be normal at the time of 
discharge from the hospital. In the re- 
mainder the appearance by barium enema 
was reported as no change or improved. 
Follow-up barium enema studies were per- 

TaBLE VII 

COMPARISON OF CLINICAL CHARACTERISTICS AND DURATION 
OF therapy in INTUBATED .\ND NON-INTUBATED 
PATIENTS 



1 1 

Intubated 1 

Not 

Intubated 

1 

No. of cases ! 

12 

14 

Age in years 

11 to 58 

13 to 60 

Duration of disease 

1 M to 15 Y 

1 M to 16 Y 

Duration of attack 
treated 

26 D to 9 M 

7 D to 4 y 

Apparent psychogenic 
motivation 

11 

14 

No. with fever 

8 

7 

No. with fulminating 
type 

i 4 

1 

No. of stools per 24 hours 

' 2 to 25 

^ 1 to 32 

(7.7 to 13.8)* 

(6 to 11.1)* 

Loss of weight 

j 31* 

20* 

1 (10 to 98) 

! (6 to 34) 

Terminal ileum involved 
in 

1 

3 

4 

Duration of liquid diet 

26.1* 

24.4* 

in days. 

(5 to 52) 

(7 to 60) 

No. of days in hospital . . 

52.5* 

32.7* 

(5 to 126) 

(11 to 70) 


* Average 

formed when possible. These revealed 
either progressive improvement or no de- 
tectable change. 

Relapses and Follow-ups. (Table vi). A 
satisfactory remission was induced in all of 
the fourteen patients. A relapse occurred in 
one. (Case ii.) It occurred when he learned 
that he was to be transferred to another 
section of the country shortly after he had 
purchased and moved into a new home. 
The relapse occurred after nine months of 
freedom from symptoms of colitis and of 
useful employment. A remission has again 
been induced. (Case viii.) 

Intubation. The clinical, sigraoidoscopic 
and roentgen characteristics of the gioup 
of twelve patients (Tables vii, -viii and 
ix) that were subjected to intubation were 
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comparable to those of the group that were 
treated without intubation, with certain 
exceptions. The intubated group had lost 
more weight (an average of 1 1 pounds) and, 
in contrast to one such patient in the latter 
group, included four patients with the 
severe fulminating type of the disease. 

Table viii 

COJfPARISOiV OF RESULTS IN INTUBATED AND 
NON-INTUBATED PATIENTS AT DISCHARGE 
FROM HOSPITAL 



^ Intubated 
(12 cases) 

Not Intubated 
(14 cases) 


11 

14 



1 

0 






(1 .7 to 2.8>* 
8.2* 

(1.6 to2,6)^ 
3* 



(0 to 16) 

' 3 

(—6 to 20) 

1 

Sigmoidoscopic J 


7 

10 


0 

1 

opinion ] 

[ no involvement 

t 

0 

i 0 

2 



i 



* Average 


Table ix 

COMPARISON OF RESULTS IN INTUBATED AND 
NON-INTUBATED PATIENTS ON MOST RECENT 
FOLLOW-UP 



Intubated 
(12 cases) 

Not Intubated 
(14 ca.sci?} 

Relapses 

3 

1 

1 

(7, 9, and ISM; 

(9 M) 

Duration of remission in non- 

15.6 M* 

8 2 M* 

relapsed patients 

(5 to 23 M) 

(1 to 17 M) 

No. able to resume prc-illness duties . 

11 

12t 

No. of stools per 24 hours 

0 to 6 

0 to 4 


(1.2 to 3)* 

(1.5 to2.2)* 

Weight gain 

1 16* 

13.4* 


' (0 to 34) 

(—2 to 49) 

/ healed 

7 

6 

Sigmoidoscopic 1 improved 

0 

2 

opinion | no involvement. . . 

1 

0 

^ not examined 

3 

6 


* Average 

fTu'o patients still convalescing; one at home and the otlicr in the 
hospital 


The period during which the liquid diet 
was administered was similar in the two 
groups although the intubated group spent 
more time in the hospital. One of the 
reasons for this was the fact that four of the 
patients in the non-intubated group ^vere 
private patients and, because of the expense, 
were hospitalized for a shorter time. 

The follo\v-up results are quite compar- 
able in the two groups. Three in the intu- 
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bated group have had relapses as compared 
to one in the other group, but the follow-up 
period for them was seven months longer. 
More of the non-intubated patients may 
relapse as time goes on. At present all of 
the patients in both groups are clinically 
well. Only two, and they of the more 
recently treated patients in the non-intu- 
bated group, have not as yet resumed their 
pre-illness employment status; one is con- 
valescing at home and the other has not left 
the hospital. 

COMMENT • 

The foods of the usual diet are not satis- 
factory in the management of idiopathic 
ulcerative colitis during the stage of acute 
inflammation for various reasons: The 
average patient has already become mal- 
nourished with such a diet available to him 
and is in negative nitrogen balance. Even 
if consumed in adequate amounts, Elsom, 
Dickey and Chornock” have shown by 
study of the nitrogen content of the ileal 
discharges in four of seven severely ill 
patients, the protein fraction of the usual 
diet is poorly absorbed. That portion we 
now know is essential for the repair of 
damaged tissue such as occurs extensively 
in this disease. Also, on the basis of physi- 
ologic experiments, it is clear that the 
residue of the ordinary diet as it passes 
into the colon induces active peristalsis, 
even mass movements. 

Ontlie other hand, the casein hydrolysatc- 
dexlrimaltose solution seems advantageous 
for nutrition of the colitis patient for the 
following reasons: (1) It permits a large 
protein and calory intake; (2) it supplies 
the protein in a readily absorbable form 
(Emery and McGee);* (3) it tends to con- 
vert a negative into a positive nitrogen 
balance; (4) it has little if any residue, thus 
preventing undue irritation of the diseased 
colon. 

Certain practical difficulties, however, 
arc encountered in using such alimentation 
as the sole source of calorics. The patient 
must be willing ro subsist on the solution 
and continue its ingestion until objective 


evidence of healing occurs. Some dislike it 
at first because of its unpalatable taste; 
however, the average patient becomes nr- 
customed to it in about two days. At times, 
particularly at the onset of therapy, it may 
be necessarjf to adjust the concentration 
of the solution. If too concentrated, it 
remains in the stomach until diluted sufii- 
ciently by gastric juice. Under such con- 
ditions subsequent feedings, administered 
at two-hour intervals, may be retained until 
gastric fullness, nausea and vomiting occur. 
When this happens, the patient is instructed 
to omit the next feeding until sensations of 
nausea and gastric fullness have disappeared 
and to follow the subsequent feedings with 
a glass of \vatcr to shorten the period of 
retention in the stomach. The nc.xl day 
the solution is made up and administered 
in less concentrated form. The solution 
itself may give rise to diarrhea if it finds its 
way into the intestine in hypertonic fonn 
or if it becomes contaminated with bac- 
teria. This latter occurrence can be de- 
tected by the loss of its clear appearance. 
However, if the milk bottles arc sterilized 
and when filled are put in the refrigerator, 
this does not occur. It is important to use a 
hydrolysate preparation whicii dissolvc< 
completely. If it fails to do so, it should not 
be used. The patients arc permitted water 
as desired as well as hard candy to get rid 
of the taste of the solution. 

Included in management of the patient' 
is an attempt to discover and successfulh 
to handle the emotional problems whicii 
appear to be important in the motivation 
of the disease. All of our patients (with the 
possible c.xccption of one who was allergic 
to. dairy products) were tense, high strung, 
exacting, apprehenswe and hypcrrcacior^ 
to emotional disturbances. In some instant <•" 
the rapidity of response appeared to « 
directly proportional to our success in 
helping the patient readjust himself to a 
bad situation. Following discharge roin 
the hospital, the patients arc followed when 
possible at regular and frequent inter, a ' 
and are encouraged to return for ob‘'‘na* 
tion at any time wlicn threatening .situ.ttio.n 
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arise. In a number of instances it is believed 
that relapses were thus aborted. The patient 
as well as the disease must be treated. 

In view of our satisfactory results with 
the hyperalimentation regimen of therapy 
in non-intubated patients it is planned to 
reserve medical ileostomy for special pa- 
tients, such as those with excessive small 
intestinal hypermotility, those with threat- 
ened perforation, those with tenesmus from 
an inflamed and irritated rectum and those 
in whom the diarrhea does not subside 
when the hyperalimentation method alone 
is employed. 

SUMMARY 

The results obtained in the treatment of 
fourteen cases (thirteen patients) of chronic 
idiopathic ulcerative colitis by a plan 
of hyperalimentation are presented. The 
method permits ingestion of a large number 
of calories and a large amount of protein 
in readily assimilable form and with little 
residue. This is accomplished by oral ad- 
ministration of a solution of equal parts 
of an enzymatic casein digest and of 
dextrimaltose. After varying periods of 
time the amount of the solution is reduced 
and gradually increasing amounts of sub- 
stantial foods, low in residue, are ingested. 
Essential vitamins and iron are added. 

Objective evidence of improvement con- 


sists of cessation of fever, disappearance of 
anorexia and of the stigmas of vitamin 
deficiency, return to normal in the number 
and character of the stools and gain in 
weight and in sigmoidoscopic evidence of 
improvement in the diseased portion of the 
bowel. 

A satisfactory remission was induced in 
all of the fourteen patients treated. A re- 
lapse occurred in one patient after nine 
months of freedom from the symptoms of 
colitis. 

The results are compared with those 
obtained in patients who were subjected 
for a temporary period to a medical ile- 
ostomy. Except for minor differences, the 
end results are quite similar. 

The use of medical ileostomy has not 
been abandoned but is reserved for special 
cases since the regimen just described 
seems to be effective in most uncomplicated 
cases. 
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Chronic Gastritis’ 

A Study of Symptojns and Gastric Secretion 
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A large literature concerning chronic 
gastritis has accumulated since the 
appearance in 1937 of Schindler’s 
valuable book on gastroscopy. The role of 
gastritis in the production of symptoms, 
however, remains a controversial topic. 
Schindler has wisely stated, “The surest 
approach to the problem of symptoms 
would be the statistical approach.”^ Using 
such a method we have endeavored to 
answer the following questions: (1) Does 
chronic gastritis cause symptoms? (2) If so, 
do the three commonly recognized types of 
gastritis (atrophic, superficial and hyper- 
trophic) produce specific symptoms? (3) 
What is the pattern of hydrochloric acid 
secretion following the injection of his- 
tamine in pensons with chronic gastritis as 
compared with individuals with normal 
mucosae? 

METHODS AND RESULTS 

Symploms. Four groups of patients were 
studied: (1) Fifty patients with atrophy of 
the gastric mucosa; (2) fifty with superficial 
gastritis; (3) fifty with hypertrophic gastritis 
and (4) a control group of one hundred 
individuals whose gastric mucosae appeared 
normal. All patients underwent gastroscopy 
because of digestive complaints. The ab- 
sence of other organic disease was established 
insofar as possible by the clinical history, 
phy.dcal c.xamination. blood counts, urin- 
alyses, blood serologic tests and .\-rays of 
the upper g.nstroiniestinal tract in all of the 
250 patients. Barium enemas were per- 
formed in 218 and cholecystograms in 137; 
all were normal. Proctoscopic e.xaminations 


and benzidine tests for occult blood in the 
stools were carried out in nearly all patients 
and were essentially negative. The patients 
were selected simply on the basis of unequi- 
vocal gastroscopic findings and adequate 
diagnostic investigation. Among those with 
gastritis the minimum requisites for inclusion 
in tlic study were either moderate to marked 
changes involving at least one-third of the 
stomach or mild, extensive gastritis. 'I’he 
only symptoms considered were those elicited 
before gastroscopy so that none were brought 
out in the light of the gastroscopic findings. 

The results of the symptomatic survey 
are tabulated in Tabic i. Pain and distre.« 
were partially separated. Distress was taken 
to signify any abdominal discomfort other 
than pain. Arbitrarily, if “distrc.s.s” was an 
important or the only complaint, it was 
tabulated but if it was mentioned merely 
as a mild accompaniment of pain, the pain 
was listed without the addition of ‘‘distress. 
In a few instances both were prominent 
enough to warrant recording. 

It will be noted that “weakness” has been 
listed. This is a difficult symptom to evalu- 
ate but was included because it has been 
attributed to atrophy of the gastric mucosa.- 

The symptoms apparently did not vary 
significantly among the four groups. 1 line 
per cent of the control group and 4 per cent 
of those with superficial gastritis had no pain 
or distre.ss while 14 and 18 per cent of tho-f 
with hypertrophic gastritis and airoph>- 
respectively, had none. .MKiotninal [tain, 
the most frequent complaint, showed link 
difTcrcncc in incidence, occurring in 64 per 
cent of those with atrophy and hypertrophic 
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gastritis, in 78 per cent of the superficial 
gastritis group and in 79 per cent of the 
controls; it was present in the epigastrium 
(the most common location) in from 44 per 
cent of the patients with atrophy to 72 per 
cent of the controls. Generalized abdominal 
pain occurred in 24 per cent of the group 
witli atrophy and in 1 1 to 1 2 per cent of the 


— Findley ei al. i pg 

otiiers. Burning pain was described most 
frequently by the control subjects: cramp- 
like pain was most common among the 
individuals with atrophy, but the differences 
are not striking. Antacids, milk and food 
were slightly less effective in the relief of 
pain in persons with atrophy than in mem- 
bers of the other three groups. The time of 


Table i 


SYMPTOMS encountered; except for the two top rows the figures represent percent.<\oes 



Atrophic 

Superficial 

Hypertrophic 

Normal 

No. of patients 

1 

50 

mifiiii 

50 

100 

Averasre aee 

52 

44 

42 

42 

No pain or distress 

18 ' 

4 

14 

3 


64 

78 

64 

79 

Distress 

20 

20 

22 

28 

Location: 

Epigastrium 

44 

68 

62 

72 

Cif ^. ne . rsiUyec ] 

1 24 

12 

12 

11 

Low 

8 

2 

10 

5 

Rark . . 

6 

6 

8 

9 

Type: 

Fii]Inp<;R 

22 

26 

28 

25 

Riiminp 

14 

1 18 

14 

28 


4 

6 

6 

9 


8 

10 

2 

5 

Dull" 

6 

16 

20 

19 


16 

8 

4 i 

7 


4 

4 

4 

8 


12 

8 

16 

10 

Relieved by: 

12 

24 

24 

24 

Milk 

1 4 

8 

1 8 

9 


i 12 

18 

i 24 

18 


1 12 

16 

1 12 

9 


4 


1 0 

2 


1 


16 

i 11 


2 


4 

1 


4 


4 


Time of occurrence 

20 

1 

! 16 

20 


34 

I 40 

' 50 

36 


i 14 

1 12 

; 14 

8 



16 


9 


' 16 

16 

' 8 

26 


32 

1 “4 

24 

32 


12 

10 

14 

14 


0 

2 

6 

0 


22 

18 

16 

14 


32 

26 

! 20 

33 


22 

4 

10 

12 


4 

6 

! 6 

1 



40 

26 

32 


20 ' 

18 

12 

14 


4 j 

0 

0 

3 


4 ! 

2 

i 2 

2 


4 ! 

2 

' 2 

1 


6 

2 

1 ® 

1 



1 

1 1 
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occurrence was remarkably constant among 
the four groups. The discomfort was noted 
following a distress-free interval of twenty 
minutes to four hours after meals in 50 per 
cent of the hypertrophic gastritis group. 

40 per cent of those with superficial gastritis, 


^Findley et al. 

exclude patients with otltcr organic c!i«c.i'r 
none was included who liad pcn-sistcniK 
positive benzidine tests for occult blood iii 
the stools. 

Secretion. It was possible to dctcnniiie 
quantitatively tlic gastric secretory rc.spon'c 


Table ii 

ACID secretion; fasting specimens are not included 



Atrophic 

Superficial 



1 

No. of patients 

i 

33 

26 

29 ! 

i 

Average total mg. HCi .... 

122 

295 

369 

S 340 

Average total volumes. 

96 

137 

152 

136 

Average units free HCI . . 

23 

49 

1 60 

1 

66 


36 per cent of the normals and 34 per cent 
of patients with atrophy. Distress immedi- 
ately after eating was noted in 12 to 20 per 
cent of all the subjects; in 9 to 16 per cent 
tile pain or distress was said to be eonstant; 
8 to 14 per cent were awakened at night. No 
particular pattern was described by 8 per 
cent of patients with hypertrophic gastritis. 
16 per cent of tliosc with superficial gastritis 
or atrophy and 26 per cent of the controls. 

Diarriiea occurred in 22 per cent of pa- 
tients with atrophy as compared with 4 to 
12 per cent of the other groups. Numbness 
or tingling of the extremities was reported 
by 6 per cent of patients with atrophy of 
the gastric mucosa and in 0 to 2 per cent 
of the remaining subjects. There were essen- 
tially no differences in the incidences of 
nausea, vomiting, anorexia, constipation, 
weight loss, weakness, bad taste or sore 
tongue. This was also true of the duration of 
s)-mptoms and the degree of weight loss. 

.A history of hematemesis was given by 
6 per cent of patients with hypertrophic 
gastritis. 2 per cent with superficial gastritis 
and by none of the remaining groups. 
Melena was described by 4 to 6 per cent of 
patients with gastritis and by one of the 
controls. However, the figures on bleeding 
may be misleading for. in order to eliminate 
from the study persons with weakness due 
to anemia, ali who find red blood counts 
below 4 million or hemoglobin values below 
12 Gm. were excluded. Furthermore, to 


to histamine in 165 patients, measuring the 
total mg. of free hydrochloric acid, total 
volume and average units of free acid, ns 
indicated in Table ii. There was little aver- 
age difference in total acid secretion be- 
tween individuals with hypertrophic gastritis 
and the control subjects during the hour 
after subcutaneous injection of histamine, 
The average total mg, and the average total 
volumes were slighdy higher in the hyper- 
trophic gastritis patients but the average 
units of free acid were higher in the noinials 
and none of these differences appears clini- 
cally significant. Although the averace 
volume of secretion in the jiaticnts vith 
superficial gastritis fell within the range of 
the hypertrophic gastritis group and the 
controls, the average acid output was Ic'-^ 
even though two of this group secreted s cn 
large amounts of acid. (Fig. 1.) Patient' 
with atrophy of the gastric mucosa secreted 
the smallest amounts of acid. I he range of 
acid output was found to be very wide, the 
highest sccretor being a patient with super- 
ficial gastritis who produced 1.277 mg. 

When the differences among the means o. 
total mg. of acid secreted were evaluated 
from a statistical point of view, liigiib 
significant differences were found bctwe.n 
the group with atrophy and the control', 
and between the groups with atropii)’ am! 
hypertrophic gastritis. The ciiTcrcncc in 
total mg. between the sujicrficial ga'inti' 
and atrophy groups also is significant. . 
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statistical analysis of the differences between 
the means of total volumes and clinical units 
of free hydrochloric acid also indicated 
significant differences when the same com- 
parisons were made. Other differences 
could not be proved to be significant. 


No significant difference could be proved 
to exist in this regard between the control 
and superficial gastritis groups nor between 
the atrophic and superficial gastritis groups. 

The incidence of anacidity after histamine 
(Fig. 2) was 52 per cent of thirty-three 



40 

20 


0 1 201 401 601 801 1001 1201 

TO TO TO ro TO TO TO 

200 400 600 800 1000 1200 1400 

Fig. 1. Distribution of total mg. of hydrochloric acid 
secreted during one hour after injection of histamine. 



The distribution of patients secreting a 
total of more than 600 mg. of acid in 
response to histamine was compared by use 
of an exact formula for calculating proba- 
bilities, employing a four-fold table. * The 
proportion of individuals with hypertrophic 
gastritis who secreted more than 600 mg. 
was significantly greater than that of persons 
with normal mucosae or with atrophy. The 
present data indicate that similar hyper- 
secretion occurs more commonly in normals 
than in persons with atrophy, and more 
often in those with hypertrophic gastritis 
than in persons with superficial gastritis. 
However, the probability that this distribu- 
tion could occur entirely due to chance 
errors was found to be approximately 0.06 
when assayed by this method. This figure is 
slightly greater than the usually accepted 
upper limit of statistical significance, 0.05. 



Fig. 2. Incidence of histamine anacidity. 


patients with atrophy of the gastric mucosa, 
27 per cent of twenty-six with superficial 
gastritis, 14 per cent of twenty- nine with 
hypertrophic gastritis and 4 per cent of 
seventy-seven controls. In this series the 
differential incidence between patients with 
atrophy and controls and between indi- 
viduals with superficial gastritis and the 
same control group was found to be statis- 
tically highly significant. However, in the 
comparison between the hypertrophic gas- 
tritis group and the controls chance alone 
could have accounted for the distribution 
7.1 times in one hundred, as estimated by 
use of the aforementioned four-fold table. 

COMMENTS 

Symptoms. The answers which these data 
offer to the questions posed in the intro- 
ductory paragraph are for the most part not 
categorical. Since all patients had com- 
plaints that led to gastroscopic examinations, 
they do not represent a cross section of the 
general population and the control group 
is not truly a “normal” group. Indeed, un- 
less this is kept in mind it might at first 
seem unusual tliat such a high percentage of 
the patients with normal mucosae had epi- 
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gastric pain. The greatest variations from 
group to group oceurred in the incidences 
of epigastric pain (44 per cent among 
patients with atrophy to 72 per cent among 
the normals) and of diarrhea (22 per cent 
of patients with atrophy compared with 4 
to 12 per cent for the other groups). These 
differences appear to be of uneertain 
significance. 

The incidence of gastritis in patients with 
dyspepsia has been found to be 42 to 44 per 
cent.^~*' The ineidence in patients of similar 
ages without symptoms is not hnown pre- 
cisely. The beginning of a series designed 
to e.xplore this problem was reported by 
Fitzgibbon and Long" who found that 
thirty-eight of forty healthy young adult 
males had a normal-appearing mucosa; the 
remaining two had hypertrophic gastritis. A 
similar investigation consisted in the gastro- 
scopie examination of thirty-three volun- 
teers with an average age of twenty-five 
years.® All \vere normal e.xccpt three who 
had mild, patchy atrophy of the gastric 
mucosa. Ruffin and Brown examined thirty- 
two students having no complaints and 
found normal mucosae in all instances e.x- 
cept five, in which only hemorrhagic or 
pigment spots were seen.® Thus, chronic 
gastritis was observed in only 5 of 102 young 
asymptomatie volunteers. 

Two groups of young subjects with dys- 
peptic symptoms referred to the upper 
abdomen were studied gastroscopically dur- 
ing ^Vorld ^Var ii. All had normal gastro- 
duodenal x-rays. One group was composed 
of 110 .soldiers near a battle area in Italy.'” 
Redness and edema of the gastric mucoj^a 
were noted in twenty-nine, unequivocal 
superficial gastritis in sixteen and hyper- 
trophic gastritis in two. The preponderance 
of superficial changes was chiefly attributed 
to the unusually high degree of anxiety 
manifested by these patients. In the other 
group con.sisting of cighty-thrcc soldiers in 
the United States only ten instances of 
hypertrophic gastritis, atrophy or mixed 
hypertrophic gastritis and patchy atrophy 
were found." Although the former group 
was in a sense selected, and despite the fact 


that gastroscopic interpretations vary, those 
findings appear to lend support to the tho4< 
that abnormalities of the gastric nuicovj 
are more common among persons with 
abdominal complaints than among asymp- 
tomatic persons. The more adyanced ai;os 
of persons with atrophy, as exemplified hv 
our data, suggests an explanation for the 
low incidence of atrophy in the soldier.s. 

Gray gastroscoped one hundred chronio 
alcoholics in an effort to determine the 
effect of alcohol on the gastric mucosa.'" 
After noting the gastroscopic findings he 
interrogated them regarding .symptoms. 
“Only 4 of 55 patients with normal or 
essentially normal stomachs had mild ab- 
dominal and epigastric distress, while 24 
of the 45 patients with chronic gastritis 
presented definite subjective complaints.” 
Symptoms were present in twelve with 
superficial gastritis, including two in whom 
the distre.ss was ulcer-like; ten with the satne 
type of gastritis were symptom-free. Of the 
patients w’ith atrophy twelve had symptoms, 
including four who complained only of 
profound w'caknc.ss; the remaining nine 
were as^miptomatic. The two patients with 
hypertrophic and hyperplastic nodular ga«- 
tritis did not have symptoms. No statements 
were made regarding the ages of these sub- 
jects. nor was there mention of x-rays, blood 
counts or otiicr studies to c.xcludc the jjossi- 


bility of other organic disease. 

Schindler has concluded that the common 
types of chronic gastritis arc usually char- 
acterized by distinctive symptoms.' 1 he 
patient with superficial gastritis is con- 
sidered to have one outstanding complaint, 
epigastric pain, usually moderate and v.ium 
but sometimes constant: nausea, anouxia. 
weight lo.ss, wcakne.ss and diarrhea m-b 
occur. Atrophy of the gastric mueo-.i 
thought to produce “an entirely differen-. 
picture"'; the syndrome changes if 
superficially infiamed gastric murom 1>‘- 
comes atrojjhic. Although epigastric di‘tr< 
is usually present, this is of sreondarj" ini{K«- 
tance to profound weakne>s and fatig" • 
often associated with anorexia and weigh: 
ince Paresthesias, numbness and tim.'.om.- 
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of the extremities and soreness of the tongue 
are said to be frequent. Hypertrophic gas- 
tritis, on the other hand, is thought to mimic 
peptic ulcer frequently. Nausea, vomiting 
and gross hemorrhage are considered com- 
mon in all three types. Similar opinions have 
been expressed by Carey. McClure, Sweet- 
sir and Jankelson, in contrast, concluded 
that the symptomatology of hypertrophic 
gastritis and atrophy is similar, except that 
excessive fatiguability is more common in 
the latter.® 

Gordon studied seventy-eight patients 
with chronic gastritis, all of whom had 
upper abdominal distress. He correlated 
symptoms with gastroscopic observations in 
two groups of patients and found that those 
with ulcer-like symptoms usually had hyper- 
trophic gastritis whereas those with early 
graying of the hair, weakness, excessive 
fatigue, anorexia, vomiting and epigastric 
distress more often had atrophy of the 
gastric mucosa. It was not possible to state 
that the patients in the latter group did not 
have mild or incipient pernicious anemia. 
The symptoms of persons with superficial 
gastritis, who comprised 53 per cent of the 
entire group, fell into neither category. The 
author suggested that superficial gastritis 
and atrophy of the gastric mucosa are 
usually “incidents in the course of a 
neurosis, and similar to neurodermatitis 
in their significance.” 

Symptoms accompanying hypertrophic 
gastritis have been likened to those of peptic 
ulcer by others. The symptoms of fifty 
patients with superficial gastritis were ana- 
lyzed by Bank and Renshaw.^® Our findings 
are remarkably similar to theirs, the widest 
divergence occurring in the incidence of 
diarrhea; 16 per cent of their patients to 
4 per cent of ours. In the studies on dyspep- 
tic soldiers recorded by Halsted et al.^® the 
symptoms were the same in patients with 
gastroscopic abnormalities (chiefly super- 
ficial gastritis) as in those with normal 
findings. These symptomatologic data, to- 
gether with the previously cited observations 
on alcoholics by Gray,^" on the healthy 
volunteers of Fitzgibbon and Long' and 
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Cutler and Walther® and on the soldiers of 
Berk,^^ are the only analyses found in the 
literature which include persons with nor- 
mal gastric mucosae. 

Except for the inclusion of patients with 
normal gastroscopic findings, the present 
study is similar to one by Horner who 
recorded the symptoms of three groups of 
fifty patients each, representing superficial 
and hypertrophic gastritis and atrophy of 
the gastric mucosa.’^ The results are similar 
in many respects, but in some there is a 
striking difference, the outstanding example 
being the incidence of epigastric pain with 
atrophy: none in Horner’s series and 44 per 
cent in the present group. The occurrence 
of epigastric distress in the two groups is 
approximately the same. Epigastrie pain 
was present in twenty-six of forty-one 
patients with atrophy described by Sehind- 
ler and Murphy.^ 

Maimon and Palmer observed the changes 
in appearance of the gastric mucosa in four- 
teen patients (ten with gastric ulcer), each 
of whom was gastroscoped from four to one 
hundred times over periods of six months to 
eleven years. Normal findings and the 
three common types of gastritis were found, 
sometimes in the same patient, but it was 
“not . . . possible to correlate the appear- 
ance of the gastric mucosa with symptoms 
of any kind.” This is in accord with ex- 
perience previously noted by one of us 
(W. L. P.).-’ Furthermore, the superficial 
gastritis and the mucosal atrophy following 
application of moderate doses of roentgen 
irradiation to the stomach arc not accom- 
panied by symptoms. 

X-ray examination may fail to disclose an 
undetermined but presumably small num- 
ber of duodenal ulcers in undeformed bulbs; 
rarely a small, superficial gastric ulcer may 
escape detection iDoth roentgenographically 
and gastroscopically. This may account for 
a small proportion of the ulccr-like symp- 
toms described by our patients, chiefly those 
with normal gastric mucosae and hyper- 
trophic gastritis, and to a lesser degree those 
who secrete less acid, the superficial gastritis 
and gastric mucosal atrophy groups. 
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Sccrelioji. Faber obsen’ed usually a low 
output of acid in individuals with atrophy 
of the gastric mucosa.-^ Although no evi- 
dence was submitted, it was his opinion that 
chronic inflammation of the stomach pro- 
duces increased acid secretion. Using the 
Ewald test, Henning found “hyperacidity” 
in 11 per cent of patients with “simple” 
chronic gastritis, normal acidity in 21 per 
cent, “h^TDoacidity” in 32 per cent, ana- 
cidity in 21 per cent; histamine-anacidity 
was encountered in 15 per cent.-® In a group 
of forty-three patients with gastritis Swalm, 
Jackson and Morrison obser\'cd hypo- and 
anacidity chiefly in those with atrophy.-* 
Schindler and Murphy found histamine- 
achlorhydria in nine of thirty-six patients 
with atrophy of varying degrees. * 

Review of three studies-®'®” on a total of 
294 patients with histamine anacidity in the 
absence of other abnormalities indicated 
that ninety-nine c.xliibitcd atrophy of the 
gastric mucosa, sixty-six had superficial 
gastritis, sixty-one had superficial gastritis 
^vith atrophy, fifteen demonstrated hyper- 
trophic gastritis, two showed solitary ero- 
sions and the mucosae of the remaining 
fifty-one were normal. 

Bank and Renshaw found among fifty pa- 
tients with superficial gastritis thirteen with 
histamine-achlorhydria although twenty- 
five had what was considered to be hyper- 
acidity (more than 50 units of free acid 
secreted during two hours after an Ewald 
test meal).®” Only the remaining twelve 
secreted normal or dimini.shcd amounts. 
These authors suggested the possibility that 
superficial gastritis, being a precursor of 
more advanced forms, is sometimes accom- 
panied by stimulation of the acid-sccrcting 
ceils, ^\"hcn their paper was published in 
1939, it was not well known that superfi- 
cial gastritis is indeed often followed by 
atrophy. 

Gill, in an effort to stimulate acid secre- 
tion both centrally and locally, injected 
insulin and histamine synchronously.®' .Xn 
unstated number of persons witli normal 
mucosae secreted 2.5 to 5.5 cc. per minute 
while the rate of secretion in persons with 


hypertrophic gastritis was 6 to 6.5 cc. of 
more concentrated acid per minute. ThoH- 
with gastric mucosal atrophy had anacidity 
and secreted a volume of less than 1 cc. per 
minute. 

The present findings demonstrate that 
patients with atrophy of the gastric mucos.a 
produce a low average acid output in 
response to histamine; the average acid 
secretion is significantly lower and the 
incidence of achlorhydria is significantly 
higher than in persons with other types of 
gastritis or with normal mucosae, 'flic 
occurrence of hypersecretion (arbitrarily, 
more than 600 mg. of free acid during an 
hour after histamine injection) is less fre- 
quent in atrophy than in hypertrophic ga>- 
tritis or controls. 

Diminished acid secretion often occurs in 
superficial gastritis, as evidenced by the 
findings of Bank and Renshaw®” as \eell as 
our own. The incidence of amicidity. al- 
though significantly lower than in atrophy, 
is significantly higher than in normals or in 
persons \\’ith hypertrophic gastritis. Mrnv- 
cver, that this type of inflammation is 
compatible with a high output is indicated 
by secretions of more than 600 mg. of free 
acid in 12 per cent of our patients and by 
hyperacidity in one-half of the patients of 
Bank and Rcn.shaw. Superficial gastritis and 
subsequent atrophy often occur in indi- 
viduals in whom a lowered secretion i' 
produced by x-ray therapy directed to the 
gastric fundus.®^ 

The incidence of histamine anacidity in 
our patients with hypertrophic gastritis 
lower than in the other two types of g.'t” 
tritis. There is a 7.1 per cent probabiliq 
that the higher incidence of anacidity in 
hypertrophic gastritis than in norniab, a- 
found in this study, is due to chance, lid' 
figure, although slightly higher than the 
usually accepted level of statistical '•ienui- 
cancc. when considered in ronjunetion v. n.* 
the fact that hypersecretion rouki al-o b'" 
proved to be more common in tins tyt-'' 
"astritis than in the ernitrols. may .anfia.*- 
for the mean total output of acid b'if. 
approximately the s.une in the tv.cj ero*!.' 

(rt flO !• 
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SUMMARY 

To evaluate more fully the clinical signifi- 
cance of chronic gastritis in patients with 
gastrointestinal symptoms, a comparative 
analysis was made of the symptomatology 
and of the gastric secretory response to his- 
tamine among four groups of patients: fifty 
patients with atrophy of the gastric mucosa, 
fifty with superficial gastritis, fifty with 
hypertrophic gastritis and one hundred 
individuals in whom the gastric mucosa 
appeared normal gastroscopically. The ab- 
sence of other organic disease was estab- 
lished by physical examinations, blood 
counts, urinalyses, proctoscopies and by 
x-rays of the gastrointestinal tract. The 
symptoms, with few exceptions, showed no 
unequivocal variation among the four 
groups. 

Histamine anacidity was present in 52 per 
cent of thirty-three patients with atrophy 
of the gastric mucosa, 27 per cent of twenty- 
six with superficial gastritis, 14 per cent of 
twenty-nine with hypertrophic gastritis and 
4 per cent of seventy-seven controls. The 
differences between these incidences and 
the control value were, with one exception, 
statistically significant. A quantitative analy- 
sis of histamine tests performed in these 165 
patients indicated that the smallest average 
acid secretion was exhibited by patients with 
atrophy of the gastric mucosa, with super- 
ficial gastritis next. A few patients with 
superficial gastritis, however, secreted large 
amounts of acid. The average total output 
of acid in patients with hypertrophic gas- 
tritis did not differ significantly from that 
of individuals with normal mucosae. Never- 
theless, a statistically significant proportion 
of the hypertrophic gastritis group secreted 
excessive quantities of acid in response to 
histamine stimulation. 

CONCLUSIONS 

1 . The common types of chronic gastritis 
apparently produce no symptoms; distress, 
when present, has no characteristic pattern. 

2. Histamine-anacidity occurs most fre- 
quently in association with atrophy of the 
gastric mucosa. The mean secretion of acid 
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(histamine) is lowest in patients with 
mucosal atrophy. 

3. Some individuals with superficial gas- 
tritis are capable of producing large amounts 
of acid, but the mean histamine secretion is 
less than it is in persons with hypertrophic 
gastritis or in controls. The incidence of 
anacidity in superficial gastritis is second 
only to that in atrophy. 

4. The incidence of histamine anacidity 
seems greater in patients with hypertrophic 
gastritis than in persons with normal 
mucosae, but the mean acid secretion is 
approximately the same. This may be due 
to the fact that a certain proportion of 
individuals with hypertrophic gastritis se- 
crete excessive amounts of acid. 
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A Unified Concept of Cardiac Failure* 


J. Maxwell Little, ph.D. 
Winston-Salem. 


I NCREASED vcnous and atrial pressure 
observed in cardiac failure has been 
attributed by various investigators to: 
(1) a damming of blood, or back pressure, 
(2) an increase in the blood volume or (3) a 
decrease in the capacity of the venous side 
of the circulatory system. 

As a result of work with the heart-lung 
preparation Starling proposed that the in- 
crease in venous pressure seen in cardiac 
failure is due to a "back-pressure” or 
“damming” phenomenon. This concept has 
been discussed at length by Harrison.^ 
Starr^ observed that in patients dying of 
cardiac failure the venous pressure was 
elevated after death. He believed that the 
increased venous pressure during life could 
not be ascribed to a damming of the blood 
and therefore he questioned the validity of 
this concept. Warren and Stead® observed 
an increase in body weight and in plasma 
volume in patients with congestive failure 
before there was an appreciable increase in 
venous pressure, and they ascribed the in- 
crease in venous pressure to an increased 
blood volume due to retention of salt and 
water. Merrill^ has reported salt retention 
in congestive failure due to a decreased 
glomerular filtration rate. 

If it be accepted that the increased venous 
pressure seen in congestive failure is due to 
an increased blood volume, or if it be ac- 
cepted that it is due to damming of the 
blood, then one must turn to other explana- 
tions for the increased venous pressure seen 
in cardiac failure due to anemia since 
McMichael® has called attention to the 
report of Sharpey-Schafer that in anemic 
heart failure with an increased cardiac out- 


Norlh Carolina 

put the blood volume is often low in the 
presence of considerable increases in venous 
pressure. McMichael states: “In these cases 
of ‘anemic heart failure’ the rise in venous 
pressure cannot be ascribed to failure of the 
heart to keep on pumping blood through 
the body at an adequate rate, as the output 
is usually more than double the normal 
value. The pulse pressure is increased, indi- 
cating that the arterioles are dilated (the 
output being high and the mean arterial 
pressure somewhat reduced). Since the 
volume of blood in circulation (often below 
3 liters) must be equal to the capacity of the 
total vascular bed, the latter must be 
markedly reduced. This reduction does not 
take place on the arterial side; as the larger 
veins are full and often distended, it must 
take place in the capillaries and venules. It 
is on such clinical evidence that we find it 
necessary to postulate an active venomotor 
mechanism for maintaining and even raising 
the venous pressure to the required level.” 

UNIFIED CONCEPT OF CARDIAC FAILURE 

At the present time there is no single 
unified concept of cardiac failure which will 
explain the increase in atrial pressure seen 
in all types of cardiac failure. Evidence is 
presented in this paper which supports the 
view that the increase in blood volume will 
not account adequately for the increase in 
ati'ial pressure seen in congestive heart 
failure. Evidence is also presented which 
supports the hypothesis that a decrease in 
the mixed venous p 02 (partial pressui'e of 
oxygen) probably serves as a stimulus which 
results in an increased cardiac output and a 
decreased venous capacity in the normal 
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individual, the decreased venous capacity tistical analysis. Un some instances new data 

being due to venoconstriction. The mecha- have been derived by calculation from piib- 
nism for these effects may be by means of lished observations. 

reflexes or by means of humoral control, or Relationship between Blood Volume and Atrial 
both. Normally with an increased oxygen or Venous Pressure. If the increased venous 
demand, such as in exercise, there would be pressure in congestive failure were due to an 

Table i 

CORRELATION BETWEEN VENOUS PRESSURE AND BLOOD VOLUME IN CONGESTIVT; HEART FAILURE 


No. of 
Refer- Pairs of 
ence Observa- 

tions 

( 8 ) 19 

( 9 ) 21 

( 9 ) 20 

( 9 ) 15 

.\ — e.\'cess blood volume = determined blood volume — predicted blood volume. 

X.X — maximum decrease in venous pressure with treatment = ma.\imum venous pressure — lowest venous pres- 
sure. The difference in the values for the determined corresponding blood volumes was used for comparison. 

r = correlation coefficient. 

t = “Students” t value for significance. 

P = The probability of chance occurrence of the correlation. 

only a slight or moderate rise in the central increased blood volume, there should be a 
venous or atrial pressure, depending upon good statistical correlation between these 

the adequacy of the increased cardiac out- two sets of data in the same patient. In 

put in response to the decreased mixed Table i the correlation cocfflcicnt between 

venous p02. Theoretically if the cardiac the venous pressure and the blood volume 

response were entirely adequate, there in congestive failure has been calculated as 

would be no increase in central venous well as the probability of chance occurrence 

pressure in spite of the decreased venous of this correlation. It will be seen that there 

capacity. is no significant correlation between venous 

In cardiac failure, whether it be acute pressure and blood volume in these pa- 

failurc, low output failure or high output tients. Gibson and Evans® estimated the 

failure, the cardiac response to the decreased excess blood volume in their patients and a 

mixed venous p 02 would be inadequate due significant correlation between the csti- 

either to disease or to a relatively excessive mated e.xcess blood volume and the venous 

o.xygen demand, or to a combination of the pressure was found. With treatment these 

two; and the venoconstriction resulting patients showed a decrease in venous pres- 

from the decreased mixed venous p02 sure and blood volume. However, the 

would cause a considerable increase in correlation betiveen the maximum dccrcase 

ccntral venous or atrial pressure. in venous pressure and the corresponding 

blood volume change was found to be 
analysis of present CONCEPTS insignificant. 

The data presented herein were taken The relation between venousTprepure 

from the literature and subjected to sta- and per cent deviation from the predicted 

A Jl ERIC AN JOUR.NAI. O F 11 E P I C I N E 


Comparison 

Venous pressure versus blood volume 

Venous pressure versus blood volume 

Venous pressure versus excess blood volume * 

Maximum decrease in venous pressure versus cor- 
responding decrease in blood volume " 



106xx 1217 0.093 0.314 >50 
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normal blood volume while under treat- 
ment in five of Gibson’s and Evans’ patients 
will be found in Figure 1. It will be seen 
that at first there was considerable decrease 
in venous pressure which was accompanied 
by little or no decrease in the excess blood 
volume. Later there was a slight decrease in 
venous pressure accompanied by a con- 
siderable decrease in the excess blood 
volume. It will be seen also that in the 
patients illustrated the venous pressure 
value at the beginning of treatment was not 
related to the percentage of blood volume 
in excess of the estimated normal. 

Although these data do not exclude the 
possibility that an excess blood volume 
contributes to the elevation of venous pres- 
sure in congestive heart failure, they do 
indicate that there is some other factor or 
factors concerned in the elevation of venous 
pressure in this condition. In anemic heart 
failure the elevation of venous pressure 
cannot be ascribed to an excess blood 
volume for the blood volume is usually 
either normal or diminished in this 
condition.® 

Relationship between Cardiac Index and Atrial 
or Central Venous Pressure, In Table ii it will 
be seen that in two groups of patients with 
congestive heart failure there were signifi- 
cant negative correlation and regression 
coefficients when the cardiac index and 
atrial or central venous pressures were 
compared. Of course, a significant correla- 
tion per se gives no information regarding 
causative factors in a relationship. These 
data could be interpreted (1) as meaning 
that an elevation of atrial or venous pressure 
causes a decreased cardiac output, (2) that 
a decreased cardiac index causes an ele- 
vated venous pressure in congestive failure 
or (3) that a decreased cardiac index affects 
some other function or mechanism which 
in turn is responsible for the elevation of 
venous pressure in congestive heart failure. 

Considering the first possibility this inter- 
pretation of the data would fit the widely 
accepted concept of the operation of Star- 


ling’s law in congestive failure.® However, 
this interpretation contributes no informa- 
tion as to the cause of the elevated venous 
pressure in congestive heart failure. 

Considering the second possibility one 
might say that this interpretation favors the 
damming or back-pressure theory of the 
elevation of venous pressure in congestive 



Fig. 1. Relationship between venous pressure and 
the excess blood volume during treatment in patients 
with congestive heart failure. Data taken from 
Gibson and Evans.® 

failure.i^However, it has been shown®’ that 
when the “competency” of the dog's heart 
was decreased there was no significant 
increase in the resting venous pressure. 
Therefore, there may be considerable doubt 
that the damming or back-pressure theory 
of the elevation of venous pressure in con- 
gestive failure is true. Of course, this theory 
cannot explain the elevated venous pressure 
seen in anemic heart failure for the cardiac 
index is increased in this condition. 

Considering the third possibility this is 
the interpretation proposed by those who 
favor elevation in blood volume as the 
causative factor in elevation in venous pres- 
sure in congestive failure.®’^ However, a 
decrease in cardiac index would probably 
mean that the supply to the tissues of 
various substances, including oxygen, would 
be diminished and this may cause an 
alteration in some mechanism, other than a 
change in blood volume, which would affect 
the venous pressure. 
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rURTHER RELATIONSHIPS IN CARDIAC FAILURE 

Relationship between Oxygen Supply to the 
Tissue'; and Oxygen Consumption in JVoinial 
Subjects and in Patients with Caidiac oi Respiia- 
toiy Disease. As an expression of the 
adequacy with which the heart meets the 
tissue demands for oxygen the ratio of 
oxygen supply to the tissues per square 


in Table m. It will be seen that significant 
differences between mean values fot 0.1. 
occur in the following: normal at ic.st and 
congestive failure at rest, normal with, 
exercise and congestive failure with exer- 
cise, normal with e.xcrcisc and mitral 
stenosis 'with exercise, normal at rest and 
normal with exercise and congestive failure 


T.vble II 

CORRELATION AND REGRESSION COEFFICIENTS FOR VARIOUS MEASUREMENTS IN PAIIFNTS 


WTTH CONGESTIVE HEART FAILURE 


A 

B 

V.P. 

on 

C.I. 

A.P. 

on 

C.I. 

A.P. 

on 

C.I. 

A-VO- 

on 

Cl. 

A.P. 

on 

AO- 

A.P. 

on 

VO 2 

A.P. 

on 

A-VO- 

A.P. 

on 

A-VO- 

V.P. 

on 

A-VO; 

A.P. 

on 

ApOj 

A P. 

on 

VpO. 

Refcience. 

Pairs of observa- 

(4) 

(4) 

(10) 

(4) 

(10) 

(10) 

(10) 

(4) 

(4) 

(10) 

(10) 

tions 

13 

19 

47 

32 

47 

47 

47 

19 

12 

14 

14 

Mean for A . 

140 

142 

146 

6 5 

146 

146 

146 

142 

144 

158 

158 

er for A 

65 72 

65 15 

91 87 

1 66 

91 87 

91 87 

91 87 

65 15 

67 18 

103.57 

103 57 

Mean for B 

2 4 

2 6 

2 1 

2 5 

15 4 

8 0 

7 3 

6 8 

6 0 

55 8 

21 8 

<r for B 

Correlation coef- 

0 68 

0 84 

0 50 

0 77 

2 10 

2 43 

1 58 

1 53 

1 74 

12 27 

5 60 

ficicnt (r) 

-0 69 

-0 46 

-0 47 

-0 58 

-0 14 

-0 37 

-fO.47 

-fO 65 

•fO 73 

-1-0 04 

-0 56 

1 for r . 

3 105 

2 110 

3 525 

3 820 

0 955 

2.616 

3 525 

3 510 

3 358 

0 139 

2 341 

P for r (%) . 
Regression coeffi- 

< 1 

< 5 

< 1 

< 1 

> 5 

< 5 

< 1 

< 1 

< 1 

> 50 

< 5 

cient (R.C.) 

-65 57 

-37 31 

-89 635 

-1 357 

-6 309 

-16 70 

-f29 195 

-f 27 72 

-h28 31 

-1-0 403 

-10 35S 

t for R.C 

3 224 

2 192 

3 751 

4 406 

0 976 

3 332 

3 760 

3 536 

3 418 

0 166 

2 320 

P for R.C. (%) 

< 1 

< 5 

< 1 

< 1 

> 5 

< 1 

< 1 

< 1 

< 1 

> 50 

<5 


V.P. = venous pressure in mm. water or stilme. 

A.P. = atrial pressure in mm. water or salme. 

C.I. = cardiac index (cardiac output m 1 /mm./sq M.). 
A-VOj = arterial-venous 0.> difference in cc./lOO cc 
-^O; = arterial Oj eontent in cc /lOO cc. 

VO- = mixed venous 0« content in cc./lOO cc. 


ApO; = artciial O- tension in mm. Hg 
VpO; = mixed venous O 2 tension in mm Hg. 
a = standaid deviation of the mean, 

t = “Students” t value for significance 

P = Probability of chance occurrence 


meter of body surface to the oxygen con- 
sumption per square meter has been 
calculated. In this oxygen index, O.I. = 
Oo supply/ sq. M. 

0\ consumption/sq. M.’ 
was calculated from the cardiac index in 
1/min. and the arterial oxygen content in 
cc./l.* The oxygen consumption was re- 
ported*'’’’*’^ and these data are presented 


* Since the cardiac output occurs in both the numera- 
tor and denominator, an equivalent mathematical 
expression of this relationship is: 

arte rial O; content in sol. 9c 
.\-\' O; difference in \ol. q 


at rest and congestive failure with exercise. 
Non-significant differences between mean 
values of O.I. occurred in: normal at rest 
and mitral stenosis at rest, normal at rest 
and pulmonary emphysema at rc.st and 
normal with exercise and pulmonary em- 
physema with c.xcrcisc. 

It has been shown that in the norma 
subject with exercise the O.I. is significanth 
lower than at rest. This is interpreted tis 
meaning that in the normal subject, iMt i 
the degree of exercise used in these expert- 
ments, the heart is unable to maintain i it' 
normal O.I. and therefore the A-\ oxygen 
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difference must increase; the mixed venous 
oxygen content and the mixed venous pOo 
must decrease, below the normal resting 
value. In the blood leaving the tissues there 
is a relative hypoxia. The O.I. in congestive 
failure at rest or with exercise is significantly 
lower than the corresponding values in the 
normal subject. This means that in con- 
gestive failure, even at rest, there is a failure 
of the heart to supply the normal amount of 
oxygen to the tissues. In the patients with 
mitral stenosis the difference from the nor- 
mal O.I. at rest is not signifieant while with 
exercise it is significant, and the O.I. is only 
slightly greater than in the patients with 
congestive failure during exercise. This 
indicates that in the patients with mitral 
stenosis it is only during exercise that a 
failure of oxygen supply to the tissues occurs. 
In patients with pulmonary emphysema 
there was no failure of the heart to supply 
the normal amount of oxygen to the tissues 
with or without exercise. This is shown by 
the fact that the O.I. was not significantly 
different from values in the normal subjects 
under the same circumstances. In four 
cases'® of high output failure at rest, anemia 
and hyperthyroidism the mean value for 
O.I. was 2.49 which is only slightly greater 
than the value in congestive failure at rest. 
This means that in high output failure there 
is a failure of the heart to supply oxygen to 
the tissues. 

It is seen then that the common feature 
of congestive failure, mitral stenosis with 
exercise and high output cardiac failure is 
failure of the heart to supply oxygen to the 
tissues in sufficient amounts. This means 
that there would be a considerable hypoxia 
of the blood leaving the tissues under these 
circumstances. 

Some idea of the critical value of the O.I. 
which is indicative of cardiac failure may 
be derived by subtracting 2(t from the mean 
normal value'"* and adding 2<y to the mean 
value for patients with congestive failure 
at rest.'® (Table in.) It will be seen that the 
overlapping critical range is 3.18 to 3.53. 
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Relationship between Atrial or Central Venous 
Pressure and Arterial and Mixed Venous Oxygen 
Content, Arteriovenous Oxygen Difference and 
Arterial and Mixed Venous pO-z- In Table ii 
it will be seen that there are significant 
negative correlation and regression coeffi- 
cients between the atrial pressure and mixed 
venous oxygen content and mixed venous 
oxygen tension (pOo).* There are signifi- 
cant positive correlation and regression 
coefficients between the atrial or venous 
pressure and A-V Oo difference. The 
correlation and regression coefficients be- 
tween the atrial pressure and the arterial 
oxygen content or arterial oxygen partial 
pressure (PO 2 ) were not signifieant. 

Again these correlations give no informa- 
tion within themselves as to causative 
factors. However, if an elevation in venous 
pressure were causing the oxygen changes 
noted, one would expect to find an increase 
in the A-V oxygen difference whenever an 
elevation of venous pressure occurred. 
Sharpey-Schafer'® reported that in un- 
complicated chronic anemia, with a normal 
venous pressure and a mean cardiac output 
of 7.6 1/min., the mean A-V oxygen 
difference was 3.4 cc./lOO cc.; while in 
anemic heart failure, with an elevated 
venous pressure and a mean cardiac output 
of 9.4 I/min., the mean A-V oxygen differ- 
ence was 3.1 cc./lOO cc. The elevation in 
venous pressure was not accompanied by an 
increase in the A-V oxygen differenee. 

If the oxygen changes noted are responsi- 
ble for the elevation in atrial and venous 
pressure in congestive heart failure, which 
of these changes might be the causative 
factor? It should be remembered that the 
mixed venousp O 2 is not directly related to 
the mixed venous oxygen content since it is 
dependent upon the per cent saturation of 
the mixed venous blood with oxygen. 

Certain comparisons between normal 
subjects and patients with uncomplicated 
anemia give some information regarding 
the causative factor. Cournand et al.'® 

* The pO; was calculated from the per cent arterial 
saturation, the arterial O 2 content and the mixed venous 
o.xygcn content using the oxygen dissociation curs’c at a 
pH of 7.44. 
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reported the following mean values in 
fifteen normal subjects: atrial pressure, 33 
mm. water; A-V oxygen difference, 4.5 vol. 
per cent; mixed venous pOo, 34 mm. Hg 
(calculated from the oxygen saturation of 


vol. per cent; calculated* mixed vcnou>i 
p02, 30.7 mm. Hg and mixed venous 
oxygen content, 5.3 vol. per cent. In tlic 
patients with uncomplicated chronic anemia 
the only measurements with which wc arc 


Table hi 


COMPARISON OF OXYGEN INDEX VALUES IN NORMAL SUBJECTS AND SUBJECTS WITH DISEME 


Type of Subject 

Refer- 

ence 

No. of 
Sub- 
jects 

Mean 

Value 

O.I. 

<r for 
Mean of 
O.I. 

Difference 
betw een 
Mean 
Values 

t for 

Difference 

Prohabilitj 
of Chance 
Occurrence 
of Difference 
(fc) 

Normal at rest . . . 

(14) 

20 

4 79 

0 805 

2 55 

14 119 

< 1 

Congestive failure at rest 

(10) 

48 

2 24 

0.644 




Normal at rest . . . 

■51 

8 

4.50 

0 957 

1.76 

4 889 

< I 

Congestive failure at rest . 


9 i 

2.74 

0 476 




Normal at rest 

(13) 

8 

4 50 


0 92 

2 120 

> 5 

Mitral stenosis at rest 

(13) 

7 

3 58 

0 673 




Normal at rest . 

(13) 

8 

4 50 


0 64 

1 293 

> 5 

Pulmonary emphj'sema at rest 

(13) 

5 

3 86 

0 688 




Normal with exercise 

(13) 

8 

3 30 

0 883 

1.30 

4.047 

< 1 

Congestive failure with e.\ercise 

(13) 

9 

2 00 

0 376 




Normal with c.\crcisc 

(13) 

8 

3 30 


0.94 

2.271 

<5 

Mitral stenosis with exercise 

(13) 

7 

2 36 

0 689 




Normal with exercise . 

(13) 

8 

3 30 


0 39 

0 911 

>5 

Pulmonary emphysema with exercise 

(13) 

5 

2 91 

0.430 




Normal at rest . 

mSH 

8 

4 50 


1 20 

2 609 

< 5 

Normal with exercise 


8 

3 30 




— 

Congestive failure at rest 

(13) 

9 

2 74 


0 74 

3 663 

< 1 

Congestive failure w ith exercise . 

(13) 

9 

2 00 







Q j oxygen supply/sq. M. 

oxygen consumption/sq. M. 
cr = standard deviation. 

I = “Students” t value for significance. 


mixed venous blood using the o.xygcn dis- 
sociation curv'c at pH 7.44). A value for the 
mixed venous ox^'gen content was not given 
but it may be calculated to be 12.1 vol. per 
cent since the mean arterial oxygen content 
was 16.6 vol. per cent and the mean A-V 
oxygen difference was 4.5 vol. per cent. 
Compare widi these data the report of 
Brannon et al.” in patients with uncom- 
plicated chronic anemia: atrial pressure, 
41 rum. water; A-\' oxygen difference. 3.1 


incerned which were normal were the 
rial pressure and the mixed venous p j- 
Of the three oxygen factors considered 
c evidence is suggestive that a decreascc 
ixed venous pO. is related in a causative 
anner to the elevation of atrial or venous 

• Only those patients were used in 
jd agreement between the artena s t in cot 
ermined and as calculated from 
,t. It was assumed that the artcri.al O: ., 

per cent and the oxx-gen dissociation curs 
4 ssas used. 
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pressure since marked alterations in the 
A-V oxygen difference and mixed venous 
oxygen content were not associated with an 
elevated atrial pressure. 

HYPOTHESIS 

It has been shown that: (1) the inci'eased 
blood volume does not adequately explain 
the elevated venous pressure in congestive 
heart failure, and an increased blood 
volume cannot explain the elevated venous 
pressure in anemic heart failure; (2) al- 
though the cardiac index is related inversely 
to the venous pressure in congestive heart 
failure, there is a reasonable doubt that this 
can be explained on the basis of damming 
or back-pressure, and this mechanism can- 
not explain the elevated venous pressure in 
anemic heart failure; (3) there is a definite 
relationship between cardiac failure, con- 
gestive and anemic, and the ratio of the 
tissue oxygen supply and tissue oxygen 
consumption; (4) there are significant cor- 
relations between the atrial or venous 
pressure in congestive heart failure and the 
A-V oxygen difference, the mixed venous 
oxygen content and the mixed venous p 02 
and (5) the evidence favors a causative 
relationship between the mixed venous p 02 
and the atrial or venous pressure. 

On the basis of this information it is 
postulated that normally when there is a 
decreased mixed venous p 02 in response to 
increased oxygen utilization or inadequate 
blood oxygen capacity, the cardiac output 
increases and the venous capacity decreases. 
These functions may be controlled by the 
same or different reflex or humoral mecha- 
nisms but they have a common stimulus 
decreased mixed venous pO^- The decreased 
venous capacity would permit an increased 
cardiac output without a marked decrease 
in atrial and ventricular filling pressures. 
The net effect of these mechanisms on the 
atrial pressure will depend upon the ade- 
quacy of response of the heart to the stimu- 
lus. If the response of the heart is inadequate, 
as in acute, congestive or anemic heart 
failure,*^ the net effect on venous or atrial 
pressure would be a marked increase. 


During exercise in the normal subject again 
the degree of elevation of venous or atrial 
pressure would be dependent upon the 
response of the heart. In cardiac failure the 
net effect of exercise would be a marked 
increase in venous or atrial pressure since 
the cardiac response is inadequate while 
venoconstriction would be unimpaii'ed. In 
individuals in whom the resting oxygen 
supply to the tissues was markedly de- 
creased, as in marked cardiac failure or 
anemia if of a sufficient degree, the net 
effect on venous or atrial pressure would be 
a marked elevation. 

The concept just postulated does not 
imply that a decrease in mixed venous p 02 , 
per se, with consequent venoconstriction as 
in failure of oxygenation would necessarily 
result in an elevation of venous or atrial 
pressure. It would depend upon both the 
decrease in venous capacity and the capacity 
of the heart to increase its output. 

In support of this concept are the experi- 
ments of Landis et al.® They found that 
exercise in normal anesthetized dogs re- 
duced venous pressure. If the heart were 
embarrassed by coronary artery ligation or 
atrial fibrillation, there was no elevation of 
venous pressure at rest. However, if these 
dogs were exercised, there was an elevation 
of atrial pressure. A diminution in cardiac 
competency alone left the venous pressure 
unaffected but in the presence of increased 
oxygen utilization (exercise) elevated ve- 
nous pressure resulted. Starr et al.^® also 
have reported that in asphyxia there is an 
increase in the arterial and venous pressures 
as well as in the vigor of cardiac contraction. 
In discussing these experiments they say; 
“Such a generalized increase in intra- 
vascular pressure cannot be explained as a 
mechanieal consequence of changes in 
cardiac activity and arteriolar resistance. 
Occurring far too rapidly to allow the 
assumption of an increase in blood volume 
with passive distention of vessels, a wide- 
spread increase in vascular tone, \Yithout 
compensatory relaxation elseivhere is the 
explanation which naturally suggests it- 
self.” Of course, an outstanding feature of 
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asphyxia would be a decreased mixed 
venous pO-j. 

Other evidence in support of this concept 
may be derived from studies of venous pres- 
sure during exercise in normal subjects.’* 
These authors report that with moderate 
exercise the venous pressure increases to a 
maximum which is maintained throughout 
the e.xercise but with heav)'^ exercise the 
venous pressure increases steadily until 
fatigue ensues. There was a roughly linear 
relationship between venous pressure and 
work load. After exercise the venous pres- 
sure ordinarily returned to normal within 
a few minutes. However, after hea\y work 
the time required for a return to the control 
value was often t\venty-two to twenty-seven 
minutes. These data support the concept 
that venous pressure is related to the oxygen 
debt and, therefore, to the mixed venous 
pOo. 

Results obtained in man during acute 
anoxia by Motley et al.’* appear to refute 
the concept presented herein. In five sub- 
jects breathing 10 per cent ox)'gen for 
fifteen to twenty minutes it was found at the 
end of this time that there was an 8.8 per 
cent decrease in cardiac output and a 67 per 
cent increase in diastolic right ventricular 
pressure; a slight rise in systolic arterial 
pressure with no appreciable change in 
diastolic or mean arterial pressures was also 
found. The average increase in cardiac rate 
was from a control of 67 to a rate of 80. We 
have calculated the mixed venous pOe to be 
approximately 24 mm Hg. The increase in 
diastolic right ventricular pressure may be 
due to an increase in mean pulmonary 
arterial pressure, which was found, and the 
slight decrease in cardiac output may have 
been due to a decrease in left atrial pressure. 
However, it is ver\- difficult to analyze 
these findings with relation to the concept 
presented here for the arterial hy^poxia 
certainly results in cardiovascular rcflc.xcs 
which may' modify' any effects usually 
produced by mi.xcd venous hy'poxia. In 
addition the degree of hy'poxia attained in 
these experiments at least approaches the 


previously reported critical level and there 
are no data showing progressive changes. 

It is quite probable that an increase in 
blood volume will contribute to an elevation 
of atrial and venous pressure. However, the 
coneept presented herein will explain the 
events seen in cardiae failure regardless of 
the ty’^pe and etiology*. The nature of the 
postulated reflexes or humoral mechanisms 
is unknown but the situation is quite 
analogous to that found on the arterial side 
— mediation of cardiac and vascular re- 
flexes through stimulation of the chemo- 
receptors in the carotid body and the 
aortic arch. 

Acknowledgments. The author i.s indebted to 
Dr. George Givens and Mr. Latham Peak for 
some of the statistical analy'scs. 
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Seminars on Antibiotics 


Dosage Forms of Penicillin for Systemic 

Infections'^ 


Chester S. Keefer, m.d. 
Boston, Massachiisells 


P ENICILLIN continues to be the most 
widely used antibiotic agent in medi- 
cal practice today. The three ad- 
vances that have been made in the recent 


cillin therapy. When penicillin is given 
intermittently but the injections arc spaced 
in such a way that penicillin is not detected 
in the blood and tissue at all times durin" 


past have been the development of new 
dosage forms and of new salts of penicillin 
and a more precise definition of the indica- 
tions for oral therapy. In addition further 
advances have been made in dosage sched- 
ules. This communication is an attempt to 
sum up some of the current views concern- 
ing penicillin treatment with different dosage 
forms. 

DOSAGE FORMS FOR PARENTERAL 
.AD.MINISTRATION OF PENICILLIN 

The most common dosage forms for 
parenteral administration are (1) sodium or 
potassium salts of penicillin G for injection 
in aqueous solution; (2) procaine penicillin 
G suspended in oil, water or oil and alumi- 
num monostcarate; (3) combinations of 
crystalline sodium or potassium and pro- 
caine penicillin for dispensing in an aqueous 
medium. 

From the beginning of penicillin therapy 
the water-soluble salts have been widely 
used. These have been injected continuously 
by the intravenous or intramuscular method 
or. more commonly, intermittently by the 
intramuscular route. When the intermittent 
injections arc used, an attempt is made by 
many to inject a sufficient amount at regular 
intervals so that penicillin is present in the 
blood and tissues at all times during the 
twenty-four-hour period. This form of treat- 
ment has been designated continuous peni- 
* From the Bo'ston University .School of Medicine, the Ev 


the twenty-four-hour period, it has been 
called discontinuous therapy. It has been 
recognized since the beginning of the use of 
penicillin that it was unnecessary to main- 
tain a concentration of penicillin in the 
blood and tissues throughout the day in 
order to obtain optimum therapeutic re- 
sults. Every infection varies in its suscepti- 
bility to penicillin so that it is not surprising 
that a ^\'ide variety of dosage schedules have 
proved to be effective. In general it can be 
said that the goal of treatment should be to 
effect recovery from infection in the shortest 
period of time with the least amount of 
inconvenience to the patient. It is for thc.«c 
reasons that every infection presents an 
individual problem. 

When the aqueous soluble salts of peni- 
cillin arc used in the treatment of infection, 
the first question to be decided is how murh 
is to be injected in the twenty-four-hour 
period and how frequently .should the 
injections be made. Inasmuch as the niirii- 
mum effective dose has never been establi.shed 
for all infections it is impossible to make any 
precise statements about ever)' susceptible 
infection. It can be said, however, that in 
the treatment of common infections such as 
pncumococcic pneumonia, hemolytic strcfi- 
tococcic infections and gonococcic infer tinn<: 
the general trend in treatment with aqueou*- 
soluble salts has been to increase the amount 
of penicillin that is injected at each injection 
IS Memorial and the M.v«adni«rU<; Mcm<,:;.a! 
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and to increase the interval between injec- 
tions. For example, in the treatment of 
lobar pneumonia it has been found that the 
injection of 200,000 or 300,000 units twice 
daily is as effective as injecting 25,000 units 
every tliree or four hours. Thus the trend 
has been toward discontinuous therapy 
when the aqueous salts of penicillin are 
employed in treatment. When discontinuous 
treatment with aqueous preparations is 
used, the concentration of penicillin in the 
plasma and in the tissues is optimal during 
the first hours after injection and then 
declines rapidly over a period of four to six 
hours. When sodium or potassium peni- 
cillin G in aqueous solution is used for the 
treatment of infections by the discontinuous 
method, a decision must be made as to how 
much is needed during the twenty-four-hour 
period and how often it is to be injected. 
This decision will depend upon the type of 
infection that is being treated and the 
patient’s response to therapy. 

INDICATIONS FOR USE OF CRYSTALLINE 
PENICILLIN G 

Crystalline penicillin G must be used for 
all oral therapy. It is also required in 
preparation of all solutions for topical 
application, such as intrathecal, intra- 
pleural, intra-abdominal, intra-articular, 
intratracheal and in preparation of aerosol 
solutions. 

Crystalline penicillin G should also be 
used parenterally in combination with pro- 
caine penicillin G in serious infections so 
that high plasma concentrations of peni- 
cillin may be obtained promptly. These 
so-called “booster” doses of penicillin may 
be repeated twice daily when the organisms 
are relatively resistant or when the infection 
is located in an area of the body where 
penicillin diffuses with difficulty. 

PROCAINE PENICILLIN G 

In order that the total number of injec- 
tions of penicillin might be reduced to a 
minimum, procaine penicillin G, a salt of 
penicillin that is relatively insoluble in 
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water, was developed. This salt can be 
suspended in sesame oil or in ^vater. When 
water is used for the suspending agent, a 
small amount of detergent is added to the 
penicillin so that it may be suspended 
evenly. When 300,000 units of procaine 
penicillin are suspended in 1 ml. of oil or 
water and injected into the muscles, the 
penicillin is slowly released from the deposit. 
The maximum plasma concentration of 
penicillin is reached within one to two 
hours. After this period of time the plasma 
concentration decreases slowly so that in 
practically all patients the plasma concen- 
tration will be above 0.05 units per ml. at 
the end of twelve hours and in at least 80 per 
cent of the patients for twenty-four hours. 
The differences between plasma concentra- 
tion of penicillin when procaine penicillin 
or crystalline penicillin is injected are as 
follows: Maximum plasma concentrations 
following aqueous sodium penicillin G are 
observed within ten to fifteen minutes after 
injection; they are always greater than is 
observed following the injection of a similar 
amount of procaine penicillin G, but peni- 
cillin disappears from the circulating blood 
at a much more rapid rate. The plasma 
concentration of penicillin following the 
injection of 300,000 units of aqueous peni- 
cillin is usually about the same at the end 
of one hour as that which is observed at the 
end of twelve hours following the same dose 
of procaine penicillin. 

In an attempt to produce an initially high 
plasma concentration of penicillin during 
the first thirty minutes to an hour crystalline 
sodium or potassium penicillin G has been 
combined with procaine penicillin G so that 
in 1 ml. of the aqueous material 100,000 
units of the crystalline soluble salt is com- 
bined with 300,000 units of the procaine 
salt. 

When procaine penicillin G is suspended 
in oil and aluminum monostearate is added, 
the penicillin is absorbed more slowly and 
more uniformly. The initial and peak 
plasma concentrations of penicillin are 
lower than when other preparations arc 
used but plasma concentrations of 0.05 



Dosage Forms of Penicillin — Keefer 


are present, for a longer period of time. For 
example, following the intramuscular injec- 
tion of 300,000 units of procaine penicillin G 
in oil and aluminum monostearate, the 
plasma concentration at the end of one hour 
will average 0.25 units; when this is com- 
pared with the concentration at the end of 
one hour following the injection of the same 
salt without aluminum stearate, it is found 
to be about one-sixth as great (average 1.5 
units). The plasma concentration of peni- 
cillin usually does not decrease below 0.05 
for at least ninety-six hours in most cases 
and this concentration is frequently main- 
tained for as long as one hundred twenty 
hours. When doses of 600,000 units are 
injected, a relatively constant plasma con- 
centration is maintained at a higher level 
over a period of four or five days but the 
initial plasma concentrations are not com- 
mensurately greater. All of the studies with 
tliis preparation show that it is exceedingly 
difficult to obtain a high plasma concentra- 
tion but that the level obtained can be 
greatly prolonged. These observations show 
that procaine penicillin G with aluminum 
monostcarate is released from tissues very 
slowly indeed when compared with other 
preparations. It can be said that following 
the injection of 300,000 units of procaine 
penicillin G in water or oil this amount is 
available to the tissues for a twenty-four- 
hour period and in a concentration that is 
usually considered to be adequate for con- 
trolling the vast majority of penicillin- 
sensitive infections. Following the injection 
of 300,000 units of the same salt combined 
with aluminum stearate, this amount of 
penicillin is available to the tissues over a 
period of ninety-si.x hours but the concentra- 
tion of penicillin is alwaj’s lower during the 
first twenty-four hours of treatment than 
when no aluminum monostearatc is used. 

Indicalions and Dosage. It is now cstalj- 
lishcd that a single daily injection of pro- 
caine penicillin G in oil or water is adequate 
for the cfTective treatment of most infections 
requiring penicillin. Larger doses, i.c.. 600.- 
000 units once or twice daily should be 
«ti\'en in infections caused by organisms that 


arc only moderately sensitive to penicillin, 
i.e., staphylococcic infections and Strepto- 
coccus viridans. 

When procaine penicillin G in oil and 
aluminum monostcarate is employed die 
injections may be spaced several clays apart. 
This is desirable in ambulatory patients or 
in mild infections when it is unnecessary 
to see patients every day. According to 
the experience of Stollcrman, lloston and 
Toharsky,'* infections due to bacteria with 
a resistance of 0.1 unit or less may be 
treated with one injection of 3.0 million 
units since a plasma concentration of 0.1 
units per ml. can be maintained for a week 
following such a dose. At the time their 
paper was published they ^vcrc recommend- 
ing a single intramuscular injection of 
procaine penicillin G with or without alu- 
minum monostcarate daily. In our own 
experience wdth hospitalized patients we 
have used one injection a day of procaine 
penicillin G in oil or water for the treatment 
of all moderately severe infections. 

The dosage schedules of procaine peni- 
cillin G that we have used with success have 
been as follows: Pneumococcus pneumonia. 

300,000 units once daily for five to seven 
days; gonorrhea, 300,000 units, one injec- 
tion; subacute bacterial endocarditis, 300 ,- 
000 to 600,000 units once or twice daily fm 
six to eight weeks; streptococcic infectioiwof 
the throat, 300,000 units once daih' for five 
to seven days; staphylococcic infccliom. 

300,000 to 600,000 units once or twice daih 
for seven to fourteen days; prophylactic use, 

300,000 units once daily: postopcrativcK. 

300,000 units daily; tooth extractions, .300.- 
000 units once, one hour before extraction, 
puerperium, 300.000 units daily for 
davs; ton.sillcctomy, 300,000 units once. 

OR.\L PKNICILl.tX 

Penicillin is available for oral adminPira- 
tion in the form of either the .sodium of 
potassium salts of cry.stalline pcmci in- 
Some preparations arc combined witii a 
buffer for the purfxjsc of increasing t 
stability of the product and aho for its arict- 
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neutralizing capacity when introduced into 
the stomach. It has been demonstrated 
repeatedly that it is not necessary to use a 
buffered preparation in order to obtain a 
satisfactory therapeutic result. 

More and more patients who require 
penicillin are receiving it by mouth. This is 
a logical way to give any potent drug pro- 
vided it is absorbed from the gastrointestinal 
tract. It is convenient, it decreases nursing 
care and discomfort for the patient, it saves 
the time of the physician and nurse and it 
should cost the patient no more. What is 
of more importance is the fact that it has 
been demonstrated repeatedly that the oral 
route is as effective as the parenteral route 
when adequate doses of penicillin are used. 
The therapeutic results that follow oral 
therapy are comparable in every way to 
those following parenteral therapy in pneu- 
mococcic pneumonia, in gonorrhea, in 
tonsillitis, scarlet fever, erysipelas, acute 
otitis media due to hemolytic streptococcus, 
in Vincent’s stomatitis and pharyngitis and 
in staphylococcic infections of the skin and 
subcutaneous tissues such as abscesses, 
carbuncles, furuncles, impetigo, etc. Oral 
therapy has another advantage in that 
hypersensitive reactions are less frequent 
than following parenteral therapy. 

In the prophylaxis of gonorrhea it has 
been shown that one tablet of 250,000 units 
taken within two hours after exposure will 
usually prevent infection. 

Dosage schedules that have been effective 
in the treatment of various diseases have 
varied greatly. In general it can be said that 
three to five times the minimum effective 
parenteral dose of penicillin has been used 
with a favorable result. They may be 
summed up as follows: Pneumococcic pneu- 
monia, 600,000 to 1,000,000 units daily, 

150.000 to 200,000 units daily in infants and 
children; gonorrhea, 200,000 to 500,000 
units for one day; hemolytic streptococcic 
infections, 450,000 to 1,000,000 units daily 
for five to seven days; staphylococcic infec- 
tions of the skin, 1,000,000 units a day for 
five days; Vincent’s stomatitis, 400,000 to 

600.000 units a day for three to four days. 
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GARIN AMIDE 

Carinamide has been used as an adjunct 
to penicillin therapy in order to delay its 
excretion by the kidney. This drug acts b>- 
inhibiting the excretion of penicillin by the 
renal tubules. It has been found that when 
2 to 4 Gm. of carinamide are given by 
mouth every three or four hours the plasma 
concentrations of penicillin can be increased 
two to thirty-two fold over those obtained 
when the same amount of penicillin is given 
intramuscularly with carinamide. 

This form of combined therapy has been 
most useful in dealing with patients who 
have infections due to highly resistant 
organisms such as are seen in occasional 
cases of subacute bacterial endocarditis or 
staphylococcic sepsis. Thus following a 
single injection of 500,000 units of penicillin 
intramuscularly and 3 Gm. of carinamide 
orally, plasma concentrations varying froe- 
28 to 34 units can be maintained for a threm 
hour period. Carinamide has been recom- 
mended by Boger and Flippin^^ as a valuable 
agent when more than 500,000 units are 
required daily for the treatment of any 
infection. 

PENICILLIN DUST (INHALATION OF 
CRYSTALLINE PENICILLIN g) 

In an attempt to treat a variety of infec- 
tions of the respiratory tract, methods have 
been developed for inhalation of penicillin 
dust directly into the respiratory passages. 
This method of treatment was first de- 
scribed by Krasno, Karp and Rhoads.^- 
It has been used most extensively in the 
treatment of patients with bronchiectasis 
and other chronic infections of the respira- 
tory tract. Infections of the upper part of the 
respiratory tract have also been treated in 
this manner. In general it can be said that 
following the inhalation of 100,000 units of 
penicillin dust there is good evidence that 
penicillin is absorbed. Maximum lev^els of 
penicillin in the blood plasma are obtained 
one hour after inhalation and penicillin can 
be detected for three to five hours after 
inhalation. Cultures of the nose, throat and 
sputum following such therapy show a 
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decrease in the bacterial population and in 
particular of the gram-positive bacteria. 
Hypersensitive reactions have been reported 
in from 3 to 6 per cent of patients. They are 
characterized by local reactions in the 
mouth and throat or at the point where 
penicillin comes in contact with the skin so 
that patients complain of stomatitis and 
irritation of the posterior pharymx and skin. 
Systemic reactions are infrequent. This 
form of penicillin therapy is easily available 
for use in office and home practice. It is 
usually recommended that at least one to 
three inhalations of 100,000 units of peni- 
cillin dust be used daily. 
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Clinic on Psychosomatic Problems 


Psychogenic Deafness in a Disturbed Boy 

T he clinics are designed to bring out psychosomatic relationships both in symptoma- 
tology of the patient and in the organization of the hospital. Reports are directed by 
Drs. Stanley Cobb and Allan M. Butler, and are edited by Dr. Henry H. W. Miles. This 
is a report of a conference of the Children’s Psychiatric Service of the Massachusetts 
General Hospital. The preparation of these psychosomatic case histories receives support 
from the Josiah Macy, Jr. Foundation. 


Dr. Peter H. Knapp: The patient (No. 
540858), a nine year old boy with hearing 
loss, came to us through the Ear, Nose and 
Throat Clinic. A program of lip reading 
and the fitting of a hearing aid had been 
advised but before proceeding with the re- 
habilitation plan the boy’s evaluation as a 
behavior problem had been requested. On 
looking over his clinic record it was noted 
that eighteen months previously the audio- 
gram had disclosed only a mild left-sided 
hearing loss. Subsequent tests had shown 
loss also on the right but of a suspiciously 
variable and inconsistent type. Accordingly 
our first step was to create a friendly rela- 
tionship with the boy and to re-test him. 
This time the audiogram was completely 
normal on the right, proving that he had no 
actual acoustic loss in that ear and that he 
needed not hearing rehabilitation but 
psychologic investigation. The mother be- 
gan to bring the boy regularly to the Child 
Psychiatry Clinic. We will now hear the 
social history. 

Mrs. Marjorie Springer: The patient’s 
background is a disturbed one. The mother 
married at nineteen when she was already 
three months pregnant. She never lived 
with her husband and was divorced from 
him when the patient was a year old. The 
father is a physician who was in the Army 
at the time they were married and who now 
practices in a western state. 

After the birth of the boy the mother 
returned to live with her family of which 
the dominant figure was her mother, a stern, 
irritable widow. A nervous married sister, 
two older brothers and a twin brother were 


sporadically present in the household. There 
was no permanent male figure in the family 
group. During the patient’s infancy his 
mother was moody and depressed and the 
grandmother took over many of the ma- 
ternal functions. The boy was in many 
ways quite dependent; for example, he was 
fed by the grandmother until he was seven 
years old. Despite this he attempted to fulfill 
a man’s duties as best he kneW how, trying 
particularly to be comforting and pro- 
tective toward his mother in the increasingly 
frequent bitter quarrels between her and 
the grandmother. With his conflicts he 
remained emotionally dependent upon these 
females and was very insecure socially. He 
wondered about his father’s unexplained 
absence and, not being told the true fads, 
developed an elaborate set of fantasies about 
him. Finally about a year ago his mother 
told him that the father would not come 
back eventually as the patient had wished. 

The boy has always been a restless, 
hyperactive child and at the age of two and 
one-half he was described as being “inat- 
tentive” in nursery school. A factor in his 
insecurity may be found in the mother’s 
periodic desire to place him in a foster home. 
The mother told of other incidents which 
seemed related to the patient’s insecurity. 
When he was three years old he was taken 
to a doctor for an infected arm, was hurt 
by the doctor’s manipulations and seemed 
to believe that his mother had betrayed him. 
At six years an even more traumatic ex- 
perience occurred. He had a tonsillectomy 
at home. There was a long frightening wait 
for the surgeon to arrive and a violent 
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struggle before the boy could be anes- 
thetized. Besides the tonsillectomy, a tooth 
c.xtraction was done which the boy had not 
e.xpccted. 

Following the operation a slurring of 
speech developed and shortly thereafter 
difficulty in hearing which was intermittent, 
variable and seemed to the mother to 
represent inattention. It was also about this 
time that the mother received the attentions 
of a man who was openly critical of the boy 
and urged her to place him in a home. The 
patient at this time became rebellious and 
quarrelsome, and his symptoms of speech 
and hearing difficulties grew more severe 
until he was finally taken to the Ear, Nose 
and Throat Clinic for examinations. As 
Dr. Knapp has mentioned, it was at first 
thought that his behavior problems were 
secondary to the loss of hearing. 

My contacts with the mother were for the 
purpose not only to obtain historical data 
but also to find out about her own problems. 
At first she expressed much resentment to- 
ward the boy, believing that he interfered 
with her chances of happiness, and she 
expressed the desire to place him in a foster 
home. By the second interview, however, 
this desire seemed less intense. She intended 
breaking off her relationship with the man 
who, she said, did not want the boy and did 
not even seem to want her very much. In 
subsequent interviews she talked more 
rcalistieally about her son and in respon.se 
to encouragement in that direction c.x- 
pressed an increasing amount of warm 
feeling for him. She di.splaycd more and 
more resentment toward her mother and 
began to think of leaving the latter's home. 
Although still far from emancipated, the 
boy's mother seems to be more comfortable, 
apparently as a result of her relationship to 
us in the elinic, and .she is plca.ccd with the 
boy's progress. 

i)R. Kn.\pp; The patient has been .'ccn 
in ten ps\cholherapcutic inten-iew.-; of 
about forty-five minutes eacli. 'fhe first of 
these served to clarify facts in the immediate 
history and to make friendly overmre.s to 
the boy. By the Gofxlenough test his in- 


telligence appeared to be well aljovc aver- 
age. After the finst session there was a lapv- 
of a month because of the motlier'.s relur- 
tance, and then interviews were resunicci at 
weekly intervals. 

The second time he came lie was friendly 
and very talkative, telling how he and a 
friend had devised a “time machine" to 
transport themselves into the future; they 
were worried, howev'er, how to get hack to 
the present. The patient closed with an 
expression of resentment against physicians 
mentioning his tonsillectomy and .savin"; 
“A doctor made me suffer.’' 

He started the next session talking about 
a newspaper he was planning to publisli 
on his printing press and mentioned how he 
played “junior commando'’ with a friend, 
going off into fantasy about how they could 
drop from trees onto their cncmic.s. We 
played a game of checkers, the patient fir.>i 
insisting that there should be ’‘no losing on 
purpose.” He lost. 

The fourth interview was begun by a 
request to sec a laboratory which he might 
write up for his newspaper. He then pro- 
duced some gory antivivisectionist literature 
and talked with abhorrence about crueli) 
to animals. Nc.xt he spoke more about lu^ 
plans for a gigantic ncwspaiicr although he 
was having trouble with his neighborhoixl 
staff of twenty-five contributors. .As he 
talked on he suddenly grew fearful, came 
very close to me and said that soiuetime- 
he felt like killing him.cclf because there was 
a gang of bullies in the ncighijorhocKl. He 
would not say more but changed the Mil)jei t 
and asked to play checkers. It was a clo'cr 
game but again he lost. We ended the inter- 
view by going to sec a nearby labor.itoi - 
where he scrawled profuse notes for hi' 
newspaper article. 

Next week he was in the laboratory b'Uori 
the hour, being shown around by a h- 
nieian. The session hesan with a gaiuf o: 
Chine.se checkers which he taught me; du- 
time I was deliberately clumw. still h'’ 
managed to lo<e. During the game h- • la- 
mented on the heavy bools I was vtartu-.- 
“just like the boots Iktris Karloli >'0''' 
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‘Frankenstein’s Child’.” He told of writing 
to Hollywood, asking to play that role. “If 
I was his child, I’d be as big as I am now 
when I was born, and when I grew up — 
whew!” A little later in the game he said: 
“Boy, how I love to be beaten up, I mean 
beaten.” After the game he was very restless 
and searched through a card file, asking if 
there were a “Dr. Arthur” in the hospital. 
His father was a doctor, he said. “They say 
he’s out West, but I think he’s right here in 
this hospital somewhere.” He said he would 
never want to be a doctor, adding, how- 
ever, that it would be interesting to know 
how to stop bleeding. At the end he ex- 
pressed some resentment at having to come 
every week. He was encouraged to speak 
about his anger and urged to try weekly 
appointments at least once more. 

During the sixth interview there were two 
innovations. The first was a small brown 
mongrel puppy which the patient had 
brought to the clinic, telling me that it was 
a female, but later referring to it by mistake 
as “he” and imagining the friendly little 
animal to be a huge, strong watchdog. The 
second innovation was a complicated game 
of checkers, devised by the patient, involv- 
ing repeated crowning of Kings until 
eventually all that remained were two high 
towers of checkers. In order to terminate an 
endless game I let the patient win. At first 
he was intensely anxious but then he re- 
covered, made me put away the checkers, 
as loser, and playfully threatened to strike 
me with a chain. 

Next time, still bringing the dog, he 
wanted to switch seats with me and then 
spontaneously suggested starting our “weekly 
conversation.” With considerable agitation 
he went on to talk about his mother, her 
demands on him, her occasional irritability 
and above all her quarrels with the grand- 
mother which would make the mother cry 
and disturb him greatly. “Sometimes I even 
try not to hear her” He spoke about his fear 
that the women in the house would get rid 
of the dog and seemed reassured when I 
mentioned that I would take the matter 
up with the social worker. In a further effort 
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to offer support and identification I sug- 
gested that a man had to get away some- 
times and that possibly it might help if he 
were to get off by himself a little more. At 
the end of the intendew he grew alarmed 
that his mother might be able to hear him 
talking through the walls. 

He started the eighth visit by saying; “Hi, 
pal,” then apologized for the remark. After 
a preliminary game he again turned to the 
subject of his mother and once more showed 
a mounting anxiety. He spoke of how she 
yelled at him: “You know how women are.” 
At one point he suddenly asked to be 
hypnotized; then next week he could tell 
me everything. The dog again figured 
prominently. He was worried about my 
suggestion of housebreaking her; he was 
going to hypnotize her; he put her ears back 
make her “look like a girl.” He also tried 
putting his ear against the wall to find out 
whether this time he could hear his mother. 
He talked more about the situation at home, 
expressing concern over his mother and fear 
of leaving her. In closing he drew a picture 
of two roads, one straight stretching into the 
distance and one curving, coming to a dead 
end. He said: “I’ve got to decide which one 
to take.” 

Next week for the first time he seemed 
much quieter. He was to go to the dentist. 
Discussion of that led to a few more recol- 
lections about his operation. Suddenly he 
began drawing pictures of anger and death. 
He then asked whether I had a dictaphone. 
His suspicion and anxiety gradually dimin- 
ished; he grew very friendly and talked 
enthusiastically about his new hobby, stamp 
collecting. On opening the door to leave the 
interview, he saw his mother in the hall and 
accused her: “You were listening.’* 

In the tenth and last interview prior to 
the conference, we talked about the possi- 
bility of his appearing before the group. 
There was more talk about cruel doctors 
and about hypnotism. Now he wanted me 
to teach him hypnosis so that he could 
hypnotize his enemies and make them wake 
up friends. Again there was a spirited dis- 
cussion of stamp collecting, as well as the 
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patient s enthusiasm for the antivivisection 
movement. He was distracted by the noise 
of a girl crying next door and stated his wish 
that the room were sound-proof. We parted 
on amiable terms and he e.xpressed pleasure 
that his mother was not to be allowed at the 
conference. 

PRESENTATION OF PATIENT 

The patient was a ^viry boy, very tall for 
a nine-year old, who was tense and physi- 
cally overactive. He had been playing with 
a stethoscope, pretending to listen to his 
heart, and was embarrassed when the 
doctors saw him with this instrument. He 
spoke readily to the group but rather in- 
coherently, the words tumbling out in a 
slurred way, expressing some fear and dis- 
trust of doctors in general. He was per- 
mitted to leave the room after a very brief 
appearance. 

DISCUSSION 

Dr. Knapp: In cooperation with the Ear, 
Nose and Throat Clinic we have been inter- 
ested in the emotional aspects of deafness. 
Wc have found not only a considerable 
number of patients who were emotionally 
disturbed by their organic hearing defeet 
but also a number in whom the primary" 
difficulty was psychologic. So far there have 
been eight such cases of hysterieal deafness, 
all of them in children. The problem, then, 
is by no means rare. 

In presenting the case this morning I am 
anxious to get suggestions as to how to 
proceed with therapy. It seems to me that 
the problem is one of tremendous anxiety 
over growing up and uncertainty over 
assuming the role of a man. 

Dr. George Carter: I am not sure 
about the mother's brother who lives with 
the family and is never mentioned by the 
patient. Is he living with them at the 
prc.sent time? 

Mrs. Springer; He moved away about 
four months ago. The mother says that he 
was never a key ligurc in the household. 
.Apparently he never played much with the 
boy and their relationship was never warm. 


Dr. Knapp; The whole situation was so 
insecure without a father that everything 
has constantly conspired to drive this hoy 
back to a state of frightened dependenre on 
his mother, and any attcmjRed inde- 
pendence seems to threaten him with lodn;> 
her and to make him fear men. It would 
seem that disparaging remarks were often 
made about the absent father and thus he 
became a threatening figure. I .should 
imagine that the tonsillectomy especially 
mobilized the fears of being mutilated ant! 
emasculated; and those fears now are. very 
much present. I have thought that the 
therapeutic endeavor should be to estab- 
lish a good relationship with him. .Actually, 
with his readiness to talk one could go even 
further and get at the content of thc.se 
fears and show him that he can grow up 
and still keep his mother's love and lo«e 
his fear of men. Wc must, however, go 
slowly as any mention of an operation still 
makes him extremely anxious. It is en- 
couraging that he seems to want to talk 
about his fears and in two or three months 
it may be possible to deal with them. 1 he 
parallel question that I would like guid- 
ance on is the question of the management 
of the mother because she is really in a h.id 
situation. I think that her warm rclationdiip 
to the social worker is most encouiaginu. 
Wc hope that she will be able to emancipate 
herself, set up a separate establishment and 
eventually make a secure independent 
adjustment. 

Dr. Sa.muee Kape.\n: I agree with Hf- 
Knapp's formulation of the boy s gem r.i 
problem. It is interesting that as far as y.t 
know this boy showed no overt diflieultie- 
in the home until the age of five. It b laf 
belief that he must first work throimh th'' 
problems of being a little boy before vy 
push him into the problems of growing np^ 

Dr. C.vrter: I am alway.> a little rmifu 'o 
by the use of the term •‘castration ayfy* 
curring in this partieiilar situation. ‘'.y 
ouslv, the boy (life’s hav<- feans of b-dn" ■ 
and ‘is afraid' of hostility from the yoijt' 
%vorld. Vet. I am not quite convuiy o o; tly 
ca.strat!on formulation and wond' r 
A sf r r j c A J '*• ^ 
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his ambivalence in the matter of labora- 
tories. He does not want to see animals hurt 
yet he wants to see where the animals are 
operated upon. He does not know what his 
role should be. 

Dr. Knapp: I agree that we have no pre- 
cise evidence for fears of castration but we 
have got evidence, I think, of his ambi- 
valence as to what role he is going to play 
— the big, strong, powerful man or the role 
of a feminine person. You will recall his 
thoughts about Frankenstein’s child, and 
how large he would be when he grew up 
and then contrasted with that his remark: 
“How I love to be beaten up.” That slip of 
the tongue was probably not insignificant. 

Dr. Lucie Jessner: What is the grand- 
mother like? 

Mrs. Springer: The grandmother is 
sixty-five years of age, apparently in good 
health. She is the one who manages the 
household, always pays the bills and pays 
the rent. The mother does not even know 
how much the rent is. She turns over a 
certain amount of her pay to the grand- 
mother who conti'ols everything. 

Dr. Carter: Would the mother be able 
to afford a separate home? 

Mrs. Springer: Yes, she makes quite a 
good salary at the present time. Some of the 
mother’s siblings are contributing to the 
grandmother’s support so she can be 
relieved of her responsibility there. 

Dr. Nicholas D. Rizzo: I would like to 
ask Dr. Knapp what in his opinion was the 
boy using his hearing loss for? 

I3r. Knapp : I do not know, except for the 
superficial part of it, namely, to avoid hear- 
ing unpleasant things, so to speak. In one 
interview in talking about the quarrels 
which upset him a gi'eat deal, you ^vill 
remember he said: “Sometimes I even try 
not to hear.” What the deeper meanings 
are I do not know. He was sent home from 
school originally because of his hearing loss. 
It seems to be tied up with the passive I’ole 
he is impelled to play, namely, cutting him- 
self off from contact with people, from 
activity and growth which to him are laden 
tvith anxiety. 

AUGUST, 1949 


Dr. Rizzo: It is interesting that the 
speech difficulty was one of the reasons why 
the patient was referred earlier to the 
hospital, and his speech here before the 
gx'oup is similar to that of children with 
genuine hearing loss. 

Dr. Edna Sobel: It would seem that the 
tonsillectomy, hearing loss and fear of 
operation are linked together. 

Dr. Gertrud Reyersbach: Does it not 
seem that presenting a child before a group 
is rather a dramatic experience for him and 
that he may not respond the way he feels? 
For example, a child when asked how he is, 
usually answers that he is fine. At least I 
have generally found it so. 

Dr. Knapp: In this case the boy was so 
eager to come and so willing to sho'w off 
in a crowd that I thought he would be able 
to respond well. 

Dr. Reyersbach: But does not bringing- 
children into staff conferences damage the 
relationship between the child and the 
psychiatrist afterward? 

Dr. Knapp: I think you are right. How- 
ever, in certain cases if the preparation is 
good and the relationship is warm, it may 
be turned into a source of pleasure for him, 
especially in this case in which the boy was 
proud to think that he was important 
enough to come in. 

Dr. Jessner: That is an interesting ques- 
tion since this is a very dramatic experience 
for a child. However, we believed that it was 
important for the group to see the child. 

Dr. Sobel: I wonder about the hearing 
loss being used to cut himself off from people 
whom he seems to fear? 

Dr. Jessner: I think his hearing is an 
area in which he has been tremendously 
frustrated. He did not hear about his father, 
and knows that he was kept in the dark 
about him for a long time. Also he did not 
hear in advance that his tooth would be 
taken out. I think that a great deal of re- 
sentment is connected with what he docs hear 
and what he does not heai. It is encouraging 
that he now pays more attention to what is 
said in general. He did not want to hear 
the demands of the grandmother or to hear 
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in school and was not particularly anxious 
to hear what he should; in contrast, he heard 
only what he wanted to hear. I believe that 
by showing him the laboratory and the 
animals you are letting him express many 
of his fears. He thinks something must have 
been done to his body, that some function 
has changed so that he cannot speak and 
cannot hear. The fear of being mutilated is 
extremely strong. In the whole area of the 
hearing there is still much that he wants to 
hear, and his fantasies about his father, who 
is a doctor, are very important. I would give 
him an opportunity to talk about his father, 
and Mrs. Springer might sometime in her 
discussion with the mother find out how 
much he knows about the father. He has a 
great deal of feeling about antivivisection 
and when he mentions animals, he may be 
actually talking about himself. I would let 
him talk a great deal about what he thinks 
is done to the animals. One would get his 
castration fears in that form, because he 
must very definitely believe that he is 
treated like an animal to which something 
was done. I think, also, that his idea about 
hypnosis is quite important and that he 
believes he could tell everything about his 
mother through hypnosis. I wonder whether 
one could not explain to him the ambiv- 
alence of his feelings and that it is natural 
to have love and hate together. You could 
perhaps side with him against women at 
times and let him express all that he hears 
about animals and what he hears in regard 
to men. I also have a feeling that it is quite 
characteristic that he calls you “pal” and 
tries to be your equal, not only to identify 
himself with you but to be on an equal 
footing as a grown man. 

FOLLOW-UP NOTE 

One year after conference the boy was 
seen approximately thirty times. Sympto- 
matically he was improved. His behavior 
at home was much better and he was doing 
well at school. Deafness was not a complaint 
although when tested at the start of the fall 
term he still showed some hearing loss. He 
described the testing afterward saying that 


“some kids pretend to hear worse than they 
do,” which was strong evidence that in some 
way he was himself aware of a tendency to 
relapse when attention was focussed on his 
cars in a test situation. He continued to talk 
about the acoustic area, speaking of his 
interest in radio programs, sound effects, 
and once putting on a ventriloquism act in 
which he played the part of a doctor taking 
care of a small patient. The importance of 
doctors and operations to him had been 
strikingly borne out by his play material. 
He had acted out a violent scene in which 
he again took the role of physician, slashed 
open the neck of a toy lion, talked of the 
risk of death from a blundering surgeon, 
removed “two jelly beans” and finally 
killed the animal. Other verbal and play 
productions suggested that there was a 
strong desire to use the psychotherapist as 
a model for behavior but that he was afraid 
of what might happen if he were to become 
a powerful man, whom he inevitably im- 
agined as cruel. An effort was being made 
to make him clearly aware of this conflict. 
In that way it was believed that it might 
be possible to cement the symptomatic im- 
provement, which so far depended upon 
continued relationship with the therapist. 

A similar development was taking place 
in the mother who believed that the boy 
had “grown up a lot.” She was reasonably 
well as long as she was in contact with the 
social worker. However, she was still strug- 
gling to achieve a permanent solution for 
her own conflicts in relation to remarriage 
and to her mother, which would leave her 
truly independent. 

INTERPRETATION 

Part of the discussion was in terms of 
psychoanalytic theory and there was some 
difference of opinion regarding the concept 
of “castration anxiety.” We mention this 
specifically only to say that in this case 
terminology is unimportant. The significant 
points to be noted by the pediatrician, 
otolaryngologist or general practitioner not 
conversant with dynamic psychiatry can 
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be seen clearly by a little reading between 
the lines of the interview material. The 
temporal relationship between the tonsil- 
lectomy and onset of speech and hearing 
difficulties is striking. The great anxiety in 
the boy’s mind in regard to being hurt is 
evident, appearing over and over again in 
the interviews. According to psychoanalytic 
theory, further investigation and elabora- 
tion of the patient’s fantasies would ulti- 
mately disclose fear of loss of the penis; for 
the physician who is primarily interested 
in making the proper diagnosis and direct- 
ing the patient toward appropriate therapy 
it is sufficient to recognize the fact that the 
fears of bodily injury or mutilation are 
important. 

The dynamic structure of the problem 
in an oversimplified scheme can be seen as 
follows: Without a father and in the face of 
great insecurity, the boy was forced into a 
dependent attachment to his mother. The 
father was a physician and we know that 
the boy heard disparaging remarks about 
him. It would not be taking a long step to 
suppose that the little boy feared this absent, 
threatening, doctor father. (He resented his 
father’s desertion, and hostility in a child’s 
mind is associated with fears of reprisal.) 

Thus when operated upon and particu- 
larly when something was done to him 
without warning, the patient’s fears of 
mutilation were demonstrated to him as 
reality. It is very probable that in his fanta- 
sies, “doctor” and “father” were equated, 
both being fearful and cruel persons. 

The treatment process was presented in 
some detail to illustrate the teamwork of 
psychiatrist and social worker. In psycho- 
therapy with children it is advisable, if not 
imperative, that the mother be helped to 
understand her own problems, since it is so 
often in the mother-child relationship that 
the roots of the trouble lie. The interview 


227 

material may have seemed diffuse and in- 
coherent. One must remember that in 
dealing with children a full and connected 
story cannot be obtained, and one depends 
to a large degree upon indirect evidence 
based upon the child’s actions, fantasies, 
hobbies, artistic productions, etc. For ex- 
ample, this boy’s fears of being injured or 
mutilated are revealed obliquely in his 
preoccupation with vivisection. 

In psychiatric work with children it is by 
no means uncommon to see problems in- 
volving fears of bodily injury activated or 
intensified following an operation. It is now 
generally accepted that tonsillectomy (or 
other operative procedure) should be post- 
poned, unless there are urgent indications, 
until the child is at least eight years old. 
When an operation has to be done, the 
patient should be prepared by telling him 
in advance what will happen, by giving 
adequate reassurance, having his mother 
with him when he awakens from the anes- 
thesia, etc. 

As this case illustrates it may not be neces- 
sary to analyze in detail all the ramifications 
of the child’s conflicts. The satisfactory 
therapeutic result was probably due to: (1) 
the secure relationship which the boy de- 
veloped with the male therapist who pro- 
vided a satisfactory masculine figure with 
whom to identify, and (2) the increased 
warmth and affection which his mother was 
able to give him, achieved through her 
contacts with the social worker. 

The question of a specific diagnosis was 
not mentioned. The neurotic problems of 
children usually do not fit the conventional 
clinical patterns which are described for 
adult psychoneurosis. From a practical 
standpoint, certainly, the attaching of a 
descriptive label is far less important than 
an understanding of the dynamic mec- 
hanisms of the illness. 
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Cardiac Failure, Elevated Basal Metabolic 

Rate and Psychosis* 

S TCNOGRAPHic rcports, edited by Robert J. Glaser, m.d., and David E. Smith, Jr., m.d., 
of weekly clinicopathologic conferences held in the Barnes Hospital, are published 
in each issue of the Journal. These conferences arc participated in jointly by members of 
the Departments of Internal Medicine and Pathology of the Washington University 
School of Medicine and by Junior and Senior medical students. 


T he patient, A. S., (No. 156162), 
was a white, married housewife, 
fifty-six years of age, who entered 
the Barnes Hospital for the first time on 
January 4, 1948, complaining of “a sensa- 
tion of choking” and dyspnea on exertion. 
The family history was of interest in that 
her father and one brother had had heart 
disease. Four of her father’s immediate 
relations had had “a goiter” and one of 
them had been subjected to surgery. 

Three times during her childhood the 
patient had pneumonia. When she was 
twenty-two, six months after her third 
pregnancy, she developed pain in the left 
chest and a cough which lasted three weeks. 
She apparently recovered from this illness 
and was well until the age of thirty-five at 
which time she had “a nervous breakdown” 
which lasted several weeks; its onset followed 
shortly after the birth of her eighth child. 
At the age of forty-nine she received a series 
of injections of an unknown type for marked 
stiffness of the joints of her left hand, and 
when she was fifty-four she developed sore- 
ness and stiffness of her shoulder joints. 

During her sixth pregnancy the patient 
became aware of enlargement of her neck. 
Concomitantly she had the first of a series of 
“choking sensations” which she could not 
further describe except to state that she was 
relieved when she lay flat in bed. Similar 
episodes occurred in each of her four suc- 
ceeding pregnancies and oceasionally be- 
tween them, but the size of her neck did not 


change since she first noted it to be enlarged. 
One year before entry the patient noted 
onset of dyspnea on exertion as well as of 
paroxysmal nocturnal dyspnea. The noc- 
turnal attacks began to appear with increas- 
ing frequency and the patient developed a 
dry, annoying cough. Two weeks before 
entry her ankles swelled and she was forced 
to wear rubber stockings. The attacks of 
paroxysmal nocturnal dyspnea became so 
severe that she was forced to sleep sitting 
up in a chair. She was seen by a physician 
who told her that she had “an inward 
goiter” although at no time had she ex- 
perienced difficulty in swallowing. Although 
her appetite had been good, she had had no 
evidence of excessive nervousness. During 
the four years prior to admission she had 
lost 28 pounds in weight and had noted 
increased ease of fatigability but at no time 
did she perspire excessively nor had she had 
precordial pain. Three weeks before she 
came to the hospital her physician pre- 
scribed 15 drops of a bitter, dark liquid to 
be taken every four hours. She took this 
pi'eparation for two weeks. When she was 
seen in the out-patient clinic several days 
before admission, she was advised to take 
digitoxin instead of the liquid medicine. 

At the time of entry her temperature was 
38.2°c., pulse 100, respirations 24 and blood 
pressure 180/96. The patient was well 
developed and well nourished but because 
of dyspnea she sat propped up in bed. The 
skin was smooth and of fine texture but no 


* From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 

Barnes Hospital, St. Louis, Mo. 
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perspiration was apparent. There were 
many varieose veins over both legs. The 
pupils reaeted normally to light and ac- 
eommodation and the fundi showed only 
mild selerosis of the vessels. There was no 
lid lag, stare or inability to converge. The 
mouth was edentulous. A large, firm, 
slightly nodular mass was present on the 
right side of the neck anteriorly and its 
lower border could be defined above the 
clavicle. The thyroid isthmus was palpable 
and the left lobe of the thyroid gland was 
barely discernible. There was no bruit. The 
trachea was in the midline. The neck veins 
were dilated and engorged, particularly on 
the right. Examination of the lungs re- 
vealed them to be clear to percussion and 
auscultation. The left border of cardiac 
dullness was 11 cm. to the left of the mid- 
sternal line in the fifth interspace. There 
was slight right border enlargement. A 
loud, harsh grade ni systolic murmur was 
heard at the aortic area but it was not trans- 
mitted. A grade ii early diastolic murmur 
was heard over the aortic area and along 
the left sternal border. Po was accentuated. 
At the mitral area there was a grade ii 
systolic murmur and a low pitched rumbling 
mid-diastolic murmur which was heard 
best when the patient lay on her left side. 
There were no thrills. The rhythm was 
regular and the sounds were of good quality. 
The liver edge was palpable 4 cm. below the 
right costal margin and was slightly tender. 
The spleen could not be felt. There was 
1 + pitting edema of the lower extremities. 
The patient exhibited no tremor of the 
outstretched hands and the neurologic 
examination was within normal limits. 

The laboratory data were as follows; 
Blood count: red cells, 4,580,000; hemo- 
globin, 14.5 Gm. per cent; white cells, 
9,800; differential count: eosinophiles, 1 per 
cent; stab forms, 3 per cent; segmented 
forms, 75 per cent; lymphocytes, 19 per 
cent; monocytes, 2 per cent. Urinalysis: 
albumin, trace, otherwise negative. Stool 
examination: negative. Blood Kahn test: 
negative. Venous pressure: 225 mm. of 
saline. Circulation (decholin) time: 21 to 
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28 seconds, (end point not definite). Blood 
chemistry: non-protein nitrogen, 22 mg. 
per cent; total protein, 6.0 Gm. per cent; 
albumin, 3.8 Gm. per cent; globulin, 2.2 
Gm. per cent; chlorides, 105 mEq. /L.; 
icterus index, 14 units; cephalin-cholesterol 
flocculation test, negative; thymol turbidity 
test, 1.9 units. Roentgenogram of the chest: 
“There is second degree cardiac enlarge- 
ment. The aorta is tortuous and there are 
increased lung markings suggestive of pul- 
monary vascular congestion.” Electrocar- 
diogram: ST segment slightly depressed in 
leads I and ii, T Avaves diphasic in leads i 
and II and inverted in cf^. 

Two days after entry the attending physi- 
cian described a systolic thrill over the 
aortic area. Otherwise the signs were un- 
changed except that the patient had be- 
come afebrile. She ^vas completely digital- 
ized, was given diuretics and placed on a 
low salt diet. Fluoroscopy with a barium 
swallow did not reveal left auricular en- 
largement. After the patient had achieved 
compensation the basal metabolic rate was 
+55. The blood cholesterol was 218 mg. 
per cent. On the tenth hospital day the 
patient was ambulatory. During the ten 
days she had lost 9 pounds in weight. The 
cardiac signs were as on entry except that 
the mitral diastolic murmur could no longer 
be heard. A radioactive iodine excretion 
test was performed and it was found that 
80 per cent of the ingested dose was ex- 
creted. Just prior to discharge on March 13, 

1 948, the mitral diastolic murmur was again 
heard, sharply localized over the apex. 
The patient left the hospital to follow a 
therapeutic regimen designed to preserve 
her cardiac status; in addition she was 
given potassium iodide. 

Following discharge she was seen regu- 
larly in the endocrine clinic. One month 
after she left the hospital, during which 
time she had taken potassium iodide stead- 
ily, her basal metabolic rate was found to 
be +48. Prophylthiouracil therapy was 
instituted, a dose of 50 mg. five times a day 
being given. When she returned to the clinic 
on May 23rd, she had gained U4 pounds 
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in weight. She was given mercuhydrin and 
sent into the hospital that day. 

At the time of entry her temperature was 
38 °c. 3 pulse 84, respirations 24 and blood 
pressure 140/80. The significant changes in 
physical findings from the first admission 
were as follows: The trachea appeared to 
be pushed to the left. The systolic thrill 
over the aortic area was easily palpable 
when the patient sat erect and the aortic 
systolic murmur was now transmitted to 
the neck. The rumbling, low pitched, mid- 
diastolic murmur at the apex was easily 
audible and there were a few rales at the 
lung bases. The liver was enlarged and 
there was moderate peripheral edema. 

The laboratory findings were normal 
with the following exceptions: The urine 
showed 2-f- albuminuria. The venous pres- 
sure was 235 mm. of saline, the circulation 
time with decholin, 24 to 27 seconds. The 
non-protein nitrogen was 24 mg. per cent, 
the basal metabolic rate -f-22, the blood 
cholesterol 202 mg. per cent. 

The patient was again treated for cardiac 
decompensation; she improved rapidly, be- 
coming asymptomatic in several days. She 
left the hospital on May 29, 1948, to be 
followed in the clinic. She was seen in the 
endocrine clinic on June 10th and was given 
10 me. of radioactive iodine. She remained 
quite well for two weeks; then once again 
dyspnea on exertion appeared. Three days 
before her third admission dyspnea became 
marked and the onset of orthopnea was 
noted. She was re-admitted on July 10, 
1948. Her temperature was 38.2°c., pulse 
44, respirations 22 and blood pressure 
170 /loo. The physical findings were essenti- 
ally the same as on the second admission. 
The laboratory findings likewise were un- 
changed except that the patient now had 
3-|- albuminuria. 

On the second hospital day the patient 
was noted to have an apical rate of 48 with 
runs of extrasystoles. An electrocardiogram 
revealed frequent premature ventricular 
contractions with bigeminy. The basal 
metabolic rate was -|-19 and reduction in 
the size of the right lobe of the thyroid 


glandVas noted. When she left the hospital 
on July 1 5, 1 948, no further therapy for 
thyrotoxicosis was prescribed. About five 
weeks after discharge on August 21st the 
patient was seen in the clinic at which time 
her basal metabolic rate was -f-40. At that 
time she was given 5 me. of radioactive 
iodine. When she returned on September 
21st her basal metabolic rate had risen to 
-1-47. During the interval she had done well 
but just before returning to the clinie she 
had a rather sudden re-appearance of 
dyspnea and recurrence of edema. She had 
continued to take digi toxin, to follow a low 
salt diet and receive mercuhydrin regularly 
in the medical clinic. She was re-admitted 
for the last time on September 21, 1948. 

Physical examination revealed the tem- 
perature to be 37.8 °g., pulse 64, respirations 
32 and blood pressure 130/85. The patient 
was now poorly nourished, appeared chron- 
ically ill and \vas markedly dyspneic. The 
right lobe of the thyroid gland measured 
approximately 3 by 4 cm. The trachea was 
deviated to the left. There was impaired 
resonance to percussion over the right base 
and rales were heard in this area. Cardiac 
examination \vas unchanged. There was 
3 -T pitting edema of the legs. 

Laboratory data were as follows: Blood 
count: within normal limits. Urinalysis: 
albumin, 2-}-, centrifuged sediment, 20 to 
30 white cells, occasional red cells and 
hyaline casts per high power field. Blood 
chemistry studies: within normal limits. 
Blood cultures: negative. Electrocardio- 
gram: ST segments depressed in leads i, n 
and CF4; PR interval 0.19; T waves inverted 
in leads i, n, and CFe; occasional ventricular 
premature contraction; left axis deviation. 
Venous pressure: 182 mm. of saline. Circu- 
lation time: 50 seconds. 

The patient was fluoroscoped and the 
heart was noted to be greatly enlarged both 
to the right and to the left. It was boot- 
shaped in contour. A barium swallow indi- 
cated slight enlargement of the left auricle. 
On the third hospital day the patient’s 
temperature rose to 38.4°c. The chest signs 
remained unchanged. A chest x-ray re- 
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vealed small rounded areas of infiltration 
at the right base considered to represent 
early pneumonia. Penicillin therapy was 
instituted. One week after admission the 
patient suddenly became markedly dis- 
oriented and exhibited definite paranoid 
trends. Sometimes she was uncommunica- 
tive and at other times agitated. During the 
second week of the hospital stay she became 
even more disturbed. A lumbar puncture 
was performed and an initial pressure of 
220 mm. and a final pressure of 145 mm. 
of water were recorded. The spinal fluid 
findings were entirely negative. The patient 
exhibited periods of delirium and on careful 
questioning her family stated that she had 
behaved abnormally on occasions just before 
her admission. A psychiatric consultant was 
called and made diagnoses of delirium, un- 
stable personality and paranoid tendencies. 
The patient continued to have a slight eleva- 
tion of temperature. Repeated blood cul- 
tures were negative and significant numbers 
of red cells did not appear in the urine. By 
the end of the third week, although the 
patient’s cardiac status had markedly im- 
proved, she became more difficult to manage 
and was transferred to the neuropsychiatric 
service. On the next day her temperature 
rose to 39.6°c., her white count to 26,400 
and the differential count showed 92 per 
cent segmented forms. She became semi- 
comatose and was transferred back to the 
medical service. 

Physical examination revealed definite 
signs of consolidation of the right lower lobe 
and streptomycin therapy was instituted. 
Penicillin had been continued throughout 
this previous period. Further blood cultures 
were negative. Sputum examination re- 
vealed cocci and chains in pairs. The non- 
protein nitrogen had risen to 80 mg. per 
cent. The chlorides were 96 mEq. /L. and 
the icterus index 30 units. Sodium bilirubin- 
ate was 1.9 mg. per cent, the bilirubinglobin 
1.9 mg. per cent, with a total of 3.8 mg. 
per cent. Because the diagnosis of pulmon- 
ary infarction was seriously considered, 
dicumarol therapy was begun and the pro- 
thrombin time was loVvered to 30 per cent 


of normal. On October 15th, about three 
and one-half weeks after entry, the patient’s 
icterus index had risen to 40 but jaundice 
was not clinically discernible. Altliough the 
patient became more alert and her strength 
increased, her psychotic state again became 
pronounced. During the fifth week her 
temperature which had fallen to normal 
again began to spike despite the fact that she 
was still receiving both streptomycin and 
penicillin. At this time her icterus index 
was 24 units. The heart sounds became 
weaker and the blood pressure fell some- 
what. The pulmonary signs were unchanged 
but her white count had fallen to 11,400. 
Sputum cultures were positive for coliform 
organisms. Edema of the ankles increased 
and there was marked calf tenderness. The 
patient’s agitation became extreme and it 
was very difficult to control her. Just before 
she died she had periods of transient auricu- 
lar fibrillation. She became unresponsive 
and expired quietly on October 27, 1948. 

CLINICAL DISCUSSION* 

Dr. W. Barry Wood, Jr. : The resident 
has chosen an extremely difficult and com- 
plicated case for discussion today. In our 
discussion we must consider the cardio- 
vascular system, the thyroid gland, the 
pulmonary lesion and finally the psychosis 
which made management of this patient so 
difficult for the house staff. Since the cardiac 
disease probably represents the most straight- 
forward aspect of this case, it might be well 
to begin with that phase of this patient’s 
illness. Mr. Lund, would you discuss the 
nature of the cardiac involv'^ement? 

Mr. Robert H. Lund: The duration of 
the patient’s illness and the physical findings 
suggest that she had aortic stenosis and 
aortic insufficiency. Whether she had mitral 
stenosis is not as clear to me although I 
think it is entirely conceivable that the 
mitral valve was involved. 

* It should be noted that tliis clinico-pathologic con- 
ference differs from those usually published in tlie Journal 
in that the discussion \s-as carried on by students selected 
from the Senior class rather than by members of the 
faculty. 
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Dr. Wood: To what etiologic factor do 
you ascribe aortic stenosis and insufficiency? 

Mr. Lund; I believe this patient iiad 
rheumatic heart disease. There is no iiistory 
of acute rheumatic fever but its absence docs 
not particularly disturb me in making such 
a diagnosis. One must also consider arterio- 
sclerosis of the valve in passing, but no 
mention was made of calcification of the 
aortic valve in any of the x-rays; the fact 
that no calcification was described does not 
rule it out. 

Dr. Wood: Mr. Rosccan, do you expect 
the pathologists to demonstrate calcium in 
this patient’s valve? 

Mr. M.^RVI^' Rosecan: Yes, Dr. Wood, I 
do. A series of 107 cases of aortic stenosis was 
recently reported by Kumpe and Bean;* 
calcium was demonstrated in the aortic 
valve at autopsy in every one of the 107 
hearts. 

Dr. Wood: That was indeed a most 
striking finding. The monograph to which 
you refer is an excellent review on all aspects 
of aortic stenosis and as you point out every 
one of the hearts studied by the authors 
showed calcium in the aortic valve at 
autopsy either grossly or microscopically. 
Thus one would certainly be on safe grounds 
if he states that the pathologists will demon- 
strate calcium in this patient’s valve. You 
agree then with Mr. Lund’s preliminary 
diagnosis. 

Mr. Rosecan: Yes, I do. 

Dr. Wood: Let us assume then that this 
patient probably had rheumatic heart 
disease with calcific aortic stenosis. Mr. 
White, what about mitral valve involvement? 

Mr. Laurens T. White: It is entirely 
possible that this patient will have no 
actual mitral disease. Again in their mono- 
graph on aortic stenosis, Kumpe and Bean 
included only those cases of aortic stenosis 
which were “uncomplicated by deforming 
lesions of other valves,” that is, aortic 
valvular disease without significant mitral 
involvement. Eighty-two per cent of the 

* Kumpe, C. W. and Bean, W. B, Aortic stenosis: a 
study of the clinical and pathologic aspects of 107 proved 
cases. Medicine, 27; 139, 1948. 


patients had a mitral systolic murmur and 
.slightly less than 30 per cent a mitral dias- 
tolic murmur. Considering that observation 
and the additional fact that this patient did 
not have particularly striking left auricular 
enlargement, I would predict that even if 
she did have mitral stenosis it was minimal. 

Dr. Wood. In other words, if this patient 
did not actually have mitral stenosis the 
murmur was a so-called Austin-Flint mur- 
mur. Mr. Au, from a statistical standpoint, 
assuming that this patient does have rheu- 
matic heart disease, is it more likely that the 
mitral valve would also be involved? 

Mr. Man Hing Au: Involvement of both 
the aortic and mitral valves is more com- 
mon than involvement of the aortic valve 
alone. 

Dr. Wood; Then you disagree with Mr. 
White. 

Mr. Au: I believe the patient probably 
had involvement of the mitral valve al- 
though it may have been minimal. Accord- 
ing to Clawson, Bell and Hartzell,- who 
studied a group of 130 patients with chronic 
endocarditis, fifty had involvement of both 
the aortic and mitral valve whereas the 
mitral valve alone was affected in forty-four 
and the aortic valve alone in thirty-two. 

Dr. Wood; Can you meet Mr. Au’s argu- 
ment, Mr. White? 

Mr. White: I am not anxious to take 
issue with him. I cannot say that the mitral 
valve was not involved; I merely state that 
it does not have to be involved. 

Mr. Stanley L. London: When this 
patient was admitted for the first time, a 
mitral diastolic murmur was described. 
Following complete digitalization the mur- 
mur disappeared. Had this patient had an 
organic lesion of the mitral valve one would 
not expect the murmur to disappear com- 
pletely under those circumstances. On the 
other hand, if the mitral stenosis was rela- 
tive, that is, due to enlargement of the left 
ventricle after digitalization, with decrease 

= Clawson, B. J., Bell, E. T. and Hartzell, T. B. 
Valvular diseases of the heart with special reference to 
the pathogenesis of old valvular defects. Am. J. Path., 2. 
193, 1926. 
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in the size of the left ventriele, the murmur 
might well have disappeared. 

Dr. Wood: In other words, you suggest 
that the murmur was not organie. 

Mr. Stanley N. Rokaw: It should be 
pointed out that the murmur later reap- 
peared, and I believe it is a well established 
elinieal faet that the diastolie murmur of 
mitral stenosis may appear, disappear and 
reappear depending upon the funetional 
state of the heart. 

Dr. Wood: Your point is well taken. 
The murmur of mitral stenosis may change 
in intensity or actually disappear with a 
change in the heart rate, rhythm or other 
factors. Therefore, I think, Mr. London, 
that one cannot rule out an organic lesion 
because of the ephemeral nature of the 
murmur. A similar sequence may be ob- 
served with aortic diastolic murmurs al- 
though it is less common. As has been 
pointed out a diagnosis of mitral stenosis 
cannot be made dogmatically but it proba- 
bly was present. 

Miss Elizabeth Happel: It is of interest 
that in Karsner’s series of 200 cases of calci- 
fic aortic disease,® of eighteen patients with 
presystolic mitral murmurs, fifteen had 
deforming mitral stenosis at autopsy, where- 
as of fifteen patients who had a mid-diastolic 
murmur only nine had deforming mitral 
stenosis. The fact that this patient’s murmur 
was mid-diastolic in time may, on the basis 
of Karsner’s experience, lessen the likelihood 
of her having organic mitral stenosis. 

Dr. Wood: In other words, the timing of 
the murmur may be of some import in 
deciding whether or not it is organic. 

Miss Happel: Yes. 

Dr. Wood: What do you think about 
this point, Mr. Berg? 

Mr. Leonard Berg: I think it sounds 
logical. Dr. Wood. I believe it is also worth 
mentioning that the absence of chronic 
auricular fibrillation so often associated with 
rheumatic mitral stenosis and the absence 
of the high peaked or split P waves which 

=> Karsner, H. T. and Koletskv, S. Calcific Disease 
of the Aortic Valve. Philadelphia, 1947. J. B. Lippincott 
Co. 
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are common in the electrocardiogram of 
patients with organic mitral valvular disease 
make one question the diagnosis of organic 
mitral stenosis. 

Mr. Thomas J. Walsh, Jr.: It seems to 
me that one must emphasize the fact that 
changes in the left ventricle itself may 
modify the character of the murmur of 
mitral stenosis so that none of the previously 
mentioned points can be applied in an all 
or none fashion. 

Dr. Wood: It is apparent that there is a 
definite division of opinion about the ques- 
tion of mitral stenosis and since only the 
pathologists can settle this question I should 
like to go on and ask Mr. Heideman whether 
he thinks any other cardiac lesion need be 
considered. 

Mr. Milo L. Heideman, Jr.: Late in this 
patient’s course she developed a rather slow 
cardiac rate and runs of ventricular extra- 
systoles; I wonder whether myocardial 
damage and consequent interference with 
the conduction system may have developed 
because of coronary artery involvement. 
Digitalis may have had a role in these 
changes. 

Dr. Wood: One must certainly consider 
abnormalities of the coronary circulation in 
view of the fact that the patient had severe 
aortic valvular disease; it is well known that 
aortic valvular disease may in its progi'ession 
involve the coronary ostia. Further, a pa- 
tient in this age group may have coronary 
sclerosis per se. What was the relation, if any, 
of coronary sclerosis to calcific aortic 
disease in the patients from the Cincinnati 
General Hospital? 

Mr. Rokaw: The authors specifically 
made the point that although coronary 
sclerosis occurred in a high percentage ol 
their patients, the degree of coronary sclero- 
sis could not be correlated with the c.xtent 
of aortic valvular sclerosis. In some of their 
patients calcification of the aortic valve did 
progress to the point where the ostia of the 
coronary vessels were involved as you have 
just indicated. 

Miss Happel: In Karsncr's series 51 .5 per 
cent of the patients died in an episode of 
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congestive failure. Although twenty-three of 
the 200 patients died suddenly, syncope 
occurred in only three. These observations 
seem at odds with those generally held 
previously. 

Mr. Lund: I should like to mention the 
possibility that the patient may have had 
a bicuspid aortic valve. 

Dr. Wood: Your suggestion is a good one. 
Could a bicuspid valve give rise to these 
signs? 

Mr. Lund : It certainly may be associated 
with both systolic and diastolic aortic 
murmurs. 

Dr. Wood: Let us now turn to the possible 
th)TO toxicosis. This patient’s thyroid gland 
was said to have been enlarged and nodular. 
Although the basal metabolic rate was very 
high, the cholesterol was never depressed. 
Furthermore, the results of the study of 
radioactive iodine excretion were not im- 
pressive on the one occasion that the test was 
performed. Mr. Schulz, do you believe that 
Dr. Moore will show us a toxic nodular 
goiter or Avill this be a nodular thyroid 
without evidence of activity? 

Mr. Dale M. Schulz: I believe that all 
of the findings can be explained on factors 
other than thyrotoxicosis and do not think 
that she had that disease. Her response to 
therapy was not impressive. 

Dr. Wood: I think you can defend your 
hypothesis very well but how do you ac- 
count for the high basal metabolic rate? 

Mr. Schulz : In aortic stenosis per se the 
basal metabolic rate can be quite elevated. 

Dr. Wood : Can anyone comment on the 
relation of aortic stenosis to an elevated 
basal metabolic rate? Are you familiar with 
that subject, Mr. Levitt? 

Mr. Joseph Levitt: Dr. Levine described 
this entity recently.'* 

Dr. Wood: Yes, in 1947 Levine reported 
four cases of aortic stenosis and in all of 
these the patients exhibited the clinical 
picture of hyperthyroidism. All four at post- 
mortem examination had normal thyroids. 

* Smith, J. A. and Levine, S. A. Aortic stenosis with 
elevated metabolic rate simulating hyperthyroidism. 
Arch. Int. Med., 80: 265, 1947. 


Can anyone comment on the pathologic 
physiology of this syndrome? Why should 
the basal metabolic rate be elevated in 
aortic stenosis? 

Mr. Walsh: In that article it was postu- 
lated that the hypertrophy of the ventricle 
might explain the increased oxygen utiliza- 
tion. Levine found that in his four patients 
the average weight of the hearts was ap- 
proximately 500 Gm. To test his hypothesis 
he studied another group of hearts from 
patients with aortic stenosis without ele- 
vated basal metabolic rates. The hearts 
from this second group of patients weighed 
on the average approximately 533 Gm. In 
order to make the original theory sound one 
would have to assume that the patients in 
the second series were all hypothyroid. Since 
this assumption is not tenable, the patho- 
logic physiology of the syndrome remains 
unexplained. 

Dr. Wood: You have summarized the 
situation well, Mr. Walsh. What explana- 
tion do you offer for the elevation of the 
basal metabolic rate? 

Mr. Walsh: Congestive heart failure 
elevates the basal metabolic rate. 

Dr. Wood: On the other hand, the basal 
metabolic rate was elevated even when the 
patient was compensated. Will anyone 
defend the position that this patient indeed 
had hyperthyroidism? 

Mr. Rokaw: It seems to me, Dr. Wood, 
that one cannot disregard without serious 
consideration the combination of factors 
here. I should like to review them. This 
patient had a persistently elevated basal 
metabolic rate. It is true that her blood 
cholesterol was not low but many investiga- 
tors have found that the cholesterol level 
does not always follow closely fluctuations 
in thyroid activity. The excretion of 80 per 
cent of the ingested radioactive iodine is 
likewise against a diagnosis of hyperthjToid- 
ism, but this patient had previously received 
iodine therapy and Means and others have 
found that not only can one change the 
metabolism of a given dose of radioactive 
iodine but also one can increase the serum 
protein-bound iodine in such patients merely 
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by giving Priodax for a cholecystogram. 
This tracer dose was given within three 
weeks of the termination of therapy with 
LugoPs solution; this fact may have ac- 
counted for the relatively high exeretion of 
radioactive iodine. The patient had lost 
15 pounds during the course of her illness 
and she had the fine skin of the thyrotoxic 
patient. No eye signs were described. Al- 
though it is stated in the protocol that she 
did not sweat excessively, some of the people 
who saw her on the ward report that on 
occasion she sweated profusely. Her very 
rapid pulse rate could have been explained 
on the basis of cardiac decompensation. 
Finally she had definite enlargement of the 
thyroid gland. One cannot state with much 
assurance whether the thyroid gland was 
hyperactive or not. 

Dr. Wood: Although there was definite 
doubt on the part of the staff as to whether 
this patient did have hyperthyroidism she 
was treated as though she did. Mr. London, 
if you had been the medical house officer in 
charge of this patient, would you have done 
differently? 

Mr. London: I think I would have 
treated her essentially the same way. One 
could not rule out thyrotoxicosis and since 
part of the clinical picture of congestive 
failure may have been due to hyperthy- 
roidism, one certainly was justified in 
treating the patient in the manner de- 
scribed. I actually do not believe that she 
had thyrotoxicosis. 

Dr. Wood: Mr. Levitt, what would you 
say about treating a patient with chronic 
cardiac failure for hyperthyroidism even 
though she were apparently euthyroid? 

Mr. Levitt: It has been sho^^m that 
digitalis will exert a greater effect in patients 
with thyrotoxic heart disease if the thyro- 
toxicosis is controlled first. If I suspected 
that the patient were the least bit hyper- 
thyroid, i would attack that aspect of the 
problem first. 

Mr. Roka\v: Some years ago thyroid- 
ectomy was performed on patients with 
severe cardiac failure whether they had 
thyrotoxicosis or not. 
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Dr. Wood: Dr. Blumgart" was one of the 
first advocates of that procedure and at the 
recent meetings of the Association of Ameri- 
can Physicians Dr. Blumgart® again reported 
on the use of in the treatment of 
chronic congestive heart failure. On the 
basis of that work it would seem reasonable 
to have treated this patient with radioactive 
iodine whether or not she was hyperthyroid. 
Actually there was little response to therapy 
as evidenced by determinations of the basal 
metabolic rate. As with the problem of 
mitral stenosis we cannot say with confi- 
dence whether this patient’s th}Toid gland 
was hyperactive or not. Conceivably the 
signs of hyperthyroidism may have been 
due to aortic stenosis per se. 

Mr. Levitt: In a patient whose nodular 
goiter increases in size under observation 
one cannot rule out carcinoma completely. 

Dr. Wood: That diagnosis would have 
to be considered. Do you think it is likely? 

Mr. Levitt: Not likely but there is a 
possibility. 

Dr. Wood: Recently at a meeting of the 
Washington University Medical Society we 
were reminded that a significant number 
of patients with thyroid nodules develop 
“carcinomatous degeneration.” Perhaps Dr. 
Robert Moore will show us a malignant 
change here. 

Mr. Rokaw: May we ask Dr. Grunow 
if the pulmonary lesion conceiv^ably could 
have represented a metastasis? 

Dr. Otto H. W. Grunoiv: The pul- 
monary findings from the radiologic point 
of view were much more in keeping with 
either pneumonia or pulmonary infarction. 

Dr. Wood; Dr. Heideman, what two 
pulmonary lesions would you consider 
primarily? 

^Blu.mcart, H. L., Le\tne, S. A. and Berun, D, D. 
Congestive heart failure and angina pectoris, therapeutic 
effect of thyroidectomy on patients without clinical or 
pathologic evidence of thyroid toxicity. Arch. Int. Mtd., 
51: 866, 1933. 

® Blumgart, H. L., Freedberg, A. S., Kurland, J. 
and Ureles, A, L. Treatment of intractable angina 
pectoris and congestive failure in cuthyToid patients by 
producing hypotBjToidism with 7r. .-1. Am. 

Physicians, to be published. 
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Mr. Heideman: Bacterial pneumonia 
and pulmonary infarction. 

Dr. Wood: Yes, pulmonary infarction is 
common in congestive heart failure and so 
is bacterial pneumonia. Which do you 
believe was present here, Mr. Heideman? 

Mr. Heideman: I believe the fact that 
the patient dev'^eloped fever, leukocytosis 
and a left shift in the differential at the time 
when the pulmonary findings increased 
suggests pneumonia rather than pulmonary 
infarction. 

Dr. Wood: On the other hand, jaundice 
makes one think of pulmonary infarction. 

Mr. Heidem.an; I do not see why the 
direct bilirubin would be elevated in that 
case. 

Dr. Wood: No, that particular result is 
not explicable on the basis of a diagnosis of 
pulmonary infarction. 

Mr. London: The patient’s liver function 
may have been deranged because of chronic 
congestive failure and development of 
cardiac cirrhosis. 

Dr. Wood: Let us now consider the 
problem of this patient’s psychosis. It was 
a very serious complication of her illness and 
suggests several explanations. 

Mr. White: Conceivably, the psychosis 
may have been associated with aortic steno- 
sis. In 5 to 10 per cent of patients with aortic 
stenosis there is accompanying mental aber- 
ration which cannot always be correlated 
with pathologic findings in the brain. 
Second, patients who have had cerebral 
thromboses may have subsequent degenera- 
tion of cerebral tissue and become psychotic. 
Finally this patient may have had a so-called 
“cardiac psychosis,” which not uncommonly 
develops in patients with cardiac failure as 
they are becoming compensated. 

Dr. Wood: Mrs. McChesney, which 
diagnosis do you favor? 

Mrs. Margaret B. McChesney: I re- 
member seeing this patient on the ward. 
The psychosis was quite striking and most 
of us who saw her believed that the clinical 
picture was representative of cardiac psy- 
chosis. As has been pointed out cardiac 
psychoses often develop as the patient’s 


cardiac failure improves, and that situation 
obtained here. 

Dr. Wood: Cardiae psychosis must 
certainly be seriously considered. As Mr. 
White suggested, however, aortic stenosis 
also looms as an important possibility on 
the basis of the findings in Kumpe and 
Bean’s series. Some of these patients develop 
psychoses because of cerebral anoxia due 
to the obstruction of cardiac output by the 
stenotic valve; in others there may be 
vascular disease of the brain. Will Dr. 
Moore show us any pathologic lesion in the 
brain? 

Mrs. McChesney: In true cardiac psy- 
chosis I doubt that pathologic findings are 
demonstrable. I should like to mention one 
other possibility, however. This patient may 
have had carcinoma of the thyroid with 
metastatic cerebral lesions. 

Dr. Wood: Yes, that is a possibility. In 
summary, it seems to me that most of us 
agree that this patient had rheumatic heart 
disease which involved the aortic valve. As 
so often happens the patient did well until 
she reached her sixth decade. Then her 
cardiac function became seriously impaired 
and the patient developed symptoms of 
congestive heart failure. Whether or not she 
had mitral stenosis remains a question for 
the pathologists to settle. Statistieally she 
should have it but it is conceivable that the 
mitral diastolic murmur described was of 
the so-called Austin-Flint type. Whether 
the nodular goiter which was palpable was 
toxic cannot be stated; the manifestations 
of thyrotoxicosis could have been due to 
aortic stenosis. The pulmonary lesions may 
have been either bronchopneumonia com- 
plicating pulmonary infarction or conges- 
tive heart failure. Again, we are unable to 
state which one was responsible although I 
believe we lean toward bronchopneumonia. 
There are two good explanations for the 
psychosis and it remains to be determined 
whether Dr. Moore will demonstrate 
encephalomalacia. Are there any other 
possibilities? 

Mr. Berg: It has recently been pointed 
out that patients with rheumatic heart 
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disease may at autopsy exhibit lesions of the 
cerebral vessels which resemble the lesions 
in rheumatic carditis and which may or may 
not cause symptoms. Such lesions could 
have been responsible for this patient’s 
psychosis. 

Dr. Wood; Are you referring to rheu- 
matic encephalitis? 

Mr. Berg: The process is not primarily 
encephalitic but rather vascular in nature 
with secondary encephalomalacia. Whether 
or not it represents a definite rheumatic 
lesion is doubtful. 

Clinical Diagnoses: Rheumatic heart disease 
with aortic stenosis, aortic insufficiency and 
? mitral stenosis; congestive heart failure 
and chronic passive congestion; nodular 
goiter, ? toxic; bronchopneumonia, ? pul- 
monary infarction. 

PATHOLOGIC DISCUSSION 

Dr. F. Bertoli: At autopsy there was 
distinct pallor of the skin and mucous mem- 
branes and marked persistent pitting edema 
of the lower extremities. 

The thyroid gland weighed 40 Gm. The 
left lobe was small and contained prominent 
follicles. Almost entirely replacing the 
right lobe was a smooth, ovoid, encapsu- 
lated nodule 3 cm. in average diameter. 
The peripheral areas were yellow gray, hard 
and surrounded by a fibrous capsule 1 or 2 
mm. in thickness. 

The heart was markedly enlarged, weigh- 
ing 710 Gm. There was a small amount of 
fluid in the pericardial cavity and focal 
areas of fibrous thickening of the peri- 
cardium. Hypertrophy of the myocardium, 
especially of the left ventricle and left 
atrium, was prominent. The aortic orifice 
was markedly narrowed by two partially 
fused coronary cusps with an incomplete 
raphe; the posterior cusp was wider than 
normal. The cusps were thickened by small 
yellow gray, irregular, brittle nodules. A 
round defect, }i cm. in diameter, with 
smooth rounded edges was present in the 
posterior cusp. At the apex in the left ventri- 
cle there was an oval, gray, firm mass 1.5 
by 1 by 0.5 cm. in its dimensions. Its surface 
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Fig. 1. The aortic valve with calcified masses on the 
coronary cusps and a circular defect in the postciior 
cusp. Note the absence of arteriosclerosis in the aorta. 


was trabeculated and it was firmly attached 
to the endocardium which was markedly 
thickened, white and smooth in the adjacent 
area. Beneath this thrombus the myocardium 
was thin with a fibrous scar extending 
through the septum and the right ventri- 
cular wall. Attached to the scar in the right 
ventricle there was a similar but smaller 
thrombus. 

The lungs were of increased weight. A 
few fibrous pleural adhesions were present 
and in the lower lobe of the right lung there 
were numerous bulging, wedge-shaped, 
dark red, elevated, dry, well defined foci 
measuring 1 to 4 cm. in diameter; there was 
a finely granular deposit on the overlying 
pleura. About these infarcts were foci of 
firm, gray, granular bronchopneumonia. 
The remaining portions of the lungs were 
brown red, smooth, normally crepitant and 
exuded a moderate amount of thin frothy 
fluid on pressure. In the lumina of the 
secondary and tertiary branches of the 
pulmonary artery leading to the right 
loiver lobe there were se\"eral dark red, 
friable thrombi. 

Except for an infarct in the upper pole 
of the spleen and congestive changes in the 
liver and spleen, the other viscera including 
the brain were not grossly remarkable. 

Dr. Robert A. Moore: The first photo- 
graph (Fig. 1) is of the heart. There were 
calcified masses within the substance of the 
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Fig. 2. Total section through the base of the left ventricle and the deformed, calcified cusp of the aortic 
valve. 

Fig. 3. Diffuse interstitial fibrosis in the myocardium. 

Fig. 4. Central atrophy of the hepatic cells with increased fibrous tissue about the central veins and 
adjacent sinusoids. 

Fig. 5. Interstitial fibrosis and separation of the acini in the pancreas with a resulting lobulated 
appearance typical of chronic passive congestion. 

Fig. 6. Microfollicles and degenerated stroma at the edge of the adenomatous nodule in the thyroid. 
Fig. 7. Interstitial fibrosis in the thyroid. Note the absence of hyperplastic changes in the epithelium of 
the acini. 


aortic valve, more in the right anterior cusp 
than in the others and a defect in the 
posterior cusp measuring 5 by 6 mm. in 
diameter. The absence of arteriosclerosis 
in the aorta was tvorthy of note. Figure 2 
is a section of the base of the left ventricle 
and the aortic lesion; it is apparent that the 
disease is entirely healed, whatever it may 


have been. There is nothing but fibrous 
tissue and large masses of calcium through- 
out the valve and in the valve ring. In 
Figure 3 a section of the myocardium is seen 
in which there is slight fibrosis throughout 
the interstitial tissue. The next photograph 
(Fig. 4) is of a section of the liver in which 
the hepatic cells of the central portions of 
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the lobules have atrophied and been re- 
placed by an increased amount of con- 
nective tissue about the central vein and 
sinusoids. This finding indicates that the 
patient had chronic passive congestion of 
the liver for some period of time with conse- 
quent development of congestive cirrhosis. 
Figure 5 is a section from the pancreas in 
which there is interstitial fibrosis and ac- 
centuation of the lobular character, changes 
which again are a manifestation of chronic 
passive congestion of long-standing. 

In Figure 6 is a portion of the nodule in 
the right lobe of the thyroid in which there 
were numerous small acini, containing in 
some areas a small amount of colloid em- 
bedded in acellular, homogeneous material, 
changes typical of degeneration of a th^nroid 
adenoma. The remainder of the thyroid 
(Fig. 7) is not involved by the adenomatous 
process; the acini are of variable size, filled 
with rather dense homogeneous colloid. 
The epithelial cells are of a cuboidal or even 
flattened character. In between the acini 
there is considerable increase in the fibrous 
connective tissue. The last photograph 
(Fig. 8) is of a section from the lung taken 
from an area adjacent to an infarct; fluid 
and a few cells are present in all the alveoli. 
Cultures of this part of the lung revealed no 
growth and stains for bacteria show none in 
these sections. Whatever organisms pro- 
duced the pneumonia had therefore been 
destroyed by the time the patient died. 

Review of these pathologic findings en- 
ables certain interpretations, which are 
relative to many of the questions raised 
during the clinical discussion, to be made. 
First, the cusps of the aortic valve were 
deformed and unequal but did not resemble 
a typical bicuspid valve of the congenital 
type although they did produce both aortic 
stenosis and insufficiency. The insufficiency 
was probably on the basis of the defect of 
the posterior cusp which tvas of considerable 
magnitude. There was no disease of the 
mitral valve, but there ^vas arteriolar disease 
and that had led to the loss of myocardial 
tissue and interstitial fibrosis throughout. 

The question of whether or not the pa- 



Fig. 8. Edema fluid and slight cellular exudate in 
the alveoli of the lung indicative of both edema 
and bronchopneumonia. 


tient had thyrotoxicosis certainly cannot be 
answered definitively on the basis of his- 
tologic examination. However, one is justi- 
fied in stating that there is less than a 50 per 
cent chance that this thyroid was toxic. 
The latter statement is based on the fact 
that in most instances toxicity of the th>Toid 
is associated with hypertrophy and hyper- 
plasia of the epithelial cells although not 
invariably so. There are other reasons 
against this gland having been hyperactive 
in the recent past. For example, the re- 
mainder of th)Toid tissue other than the 
adenoma represents a so-called “burnt out” 
thyroid such as might result from hyper- 
th}'Toidism at an earlier date. Second, one 
might have expected to find cirrhosis of the 
liver of some magnitude. Such was not the 
case. Cirrhosis is found in association with 
a significant number of cases of hyperthy- 
roidism. It is probable that some of the 
interstitial fibrosis in this gland resulted 
from the radiation used in therap)^ 

There were infarcts and bronchopneu- 
monia in the lower lobe of the right lung 
which undoubtedly contributed to the 
terminal clinical episodes. There is no 
anatomic explanation of the psychosis; the 
brain was both grossly and microscopically 
normal to ordinary examination and proba- 
bly would be to special examination as 
there are no significantly constant mor- 
phologic changes in the brain in psychoses 
of this type. 

If one rigidly applies the usual criteria 
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for identification of rheumatic endocarditis 
and arteriosclerosis of the aortic valve, he 
finds it necessary to postulate both diseases 
were present here because both the sub- 
stance and the base of the cusps are involved. 
Personally, I would prefer to accept this 
case as probably rheumatic in origin but 
with the same reservations as were expressed 
clinically. Despite the absence of a definite 
history of rheumatic fever it is quite likely 
that this lesion was rheumatic. The absence 
of arteriosclerosis in the aorta would, I 
think, be against a diagnosis of the Moncke- 
berg type of calcific aortic stenosis. 

Dr. Wood: The location and superficial 
appearance of the large lesions on the 
aortic valves remind one of the vegetations 
of bacterial endocarditis. Dr. Moore, do 
you consider it possible they might repre- 
sent healed, calcified vegetations? 

Dr. Moore: I was not going to bring 
that up because I have no definitive proof 
for my own belief that all cases of calcific 
aortic stenosis represent healed bacterial 
endocarditis. There is excellent authorita- 
tive opinion that rheumatic endocarditis 
alone can result in this type of calcification 
and distortion of the valve. The usual 


rheumatic valvulitis, however, does not 
result in such destruction and calcification 
in the affected tissue, so I believe there 
must be some additional factor responsible 
for that type of reaction which is not present 
in ordinary cases of that disease. Since both 
destruction of the valve and calcified masses 
in older vegetations are recognized features 
of proven bacterial endocarditis, the postu- 
late that the disease is the underlying process 
in the development of calcific aortic stenosis 
appears reasonable. 

Anatomic Diagnoses: Chronic endocarditis 
of the aortic valve with nodular calcifica- 
tion of the coronary cusps and defect in the 
posterior cusp; healed infarct of the left 
ventricle and intraventricular septum at 
the apex of the heart; focal fibrosis of the 
myocardium; partially organized thrombi 
in the apices of the right and left ventricles; 
passive congestion of the lungs, liver, spleen 
and pancreas with fibrosis of the liver; 
partially depigmented and recent infarcts 
of the lower lobes of the right lung with 
bronchopneumonia; solitary adenomatous 
nodule in the right lobe of the thyroid; 
fibrosis of the thyroid without evidence of 
hyperplasia. 
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Observations on Two Newer Hemo- 
poietic Vitamins — Vitamin B12 and Ani- 
mal Protein Factor. William J. Darby, 
M.D. and {by invitation) Edgar Jones, M.D. 
From The Departments of Medicine 
and Biochemistry, Vanderbilt University 
School of Medicine, Nashville, Tenn. 

Patients with anemias associated with megalo- 
blastic arrest respond hemopoietically to four 
types of nutritional factors or metabolic prod- 
ucts: the pteroylglutamates, vitamin B 12 , micro- 
bial animal protein factor (APF) and thymine. 
Three of these are available in crystalline form; 
the fourth (APF) is not but may be quantitated 
by chick growth studies. 

We have made observations on the responses 
to crystalline B 12 (administered parenterally) in 
eleven patients with pernicious anemia, nutri- 
tional macrocytic anemia or sprue. These 
studies have included evaluations of the minimal 
effective dosage for induction of hemopoietic 
and clinical remissions and for maintenance of 
the patient. These observations to date indicate 
the approximate equivalence of 1 microgram of 
crystalline Bi 2 to 1 USP unit of antipernicious 
anemia liver extract. 

In pernicious anemia the remissions produced 
by B 12 therapy have been characterized by relief 
of glossitis, an increased sense of well being, 
initial hemopoietic response typical of an ade- 
quately treated anemia patient, maturation of 
the megaloblastic marrow, weight gain, decrease 
in fecal urobilinogen and, in two patients, dis- 
appearance of early neurologic symptoms. In 
Uvo cases of sprue the results have been less 
clearly defined and our experience indicates a 
greater quantitative requirement in this sym- 
drome. Nutritional macrocytic anemia has 
responded in a manner comparable to per- 
nicious anemia. Evidence will be presented 
indicating an approximate correspondence of 


activity of APF in pernicious anemia (parenteral 
administration) and in the chick. 

Since these two factors are effective paren- 
terally it does not appear that they correspond 
to Castle’s extrinsic factor although their associa- 
tion w'ith animal protein would imply that they 
may. 

Clinical and Laboratory Residuals in 
Patients Treated for Sprue. Herbert J. 
Fox, M.D. {Introduced by Eugene A. Stead, 
Jr., M.D.) From Duke University School 
of Medicine, Durham, N. C. 

A follow-up clinical and laboratory study was 
made on twenty patients previously diagnosed as 
having sprue who had had from five to fourteen 
years of nutritional rehabilitation and specific 
therapy. Each had had a chronic illness char- 
acterized by loss of weight, anemia, glossitis, 
diarrhea, meteorism and steatorrhea. 

This study was undertaken to determine the 
residual disability and laboratory evidence of 
absorptive defects in sprue that persisted despite 
prolonged therapy. Nine of the twenty patients 
had not achieved full rehabilitation, had re- 
mained underw'eight, deficient in strength and 
had periodic recurrences of diarrhea and 
glossitis. Physical activity w'as restricted. Dietary 
fat was tolerated poorly. Continued liver therapy 
was necessary. A five-day fat balance test 
show'ed a sub-normal absorption of dietary fat 
in all nine patients. Their stools, by a measured 
fecal output over three-day periods, w'cre in- 
creased in bulk. Mild anemia W'ith a tendency 
toward macrocytosis w’as present. Unemulsified 
vitamin A show'ed flat absorption cuix’es in 
contrast to normal curves with emulsified mate- 
rial. Roentgenologic study of the small intestine 
show'ed coarse irregularities and segmentation 
alternating with dilatation. The effect of folic 
acid on fat absorption was observed in seven 
of these nine patients. Although they had 
received maintenance doses of folic acid. 15 to 
30 mg. daily for si.x months or longer and had 
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bowel habit improvements not seen in liver 
therapy, still all seven showed steatorrhea. 

Eleven of the twenty had not received specific 
therapy for several years and were apparently 
fully recovered, showing none of the clinical or 
laboratory residuals seen in the other nine 
patients. 

The sprue syndrome apparently represents a 
temporary motor and absorptive abnormality 
of the intestines from nutritional deficiency, or 
a more permanent disease which persists in spite 
of nutritional rehabilitation and therapy. The 
latter may be congenital or represent a sequela 
of inflammatory or other damage to the gut 
wall. 

Changes in Electrophoretic Patterns 

OF Sera in Patients with Multiple 

Myeloma Treated with Urethane. 

Edith S. Dillon^ M.D. {by invitation), M. L. 

Dillon, M.D. {by invitation) and R. W. 

Rundles, M.D. From Duke University 
School of Medicine, Durham, N. C. 

In six patients with multiple myeloma treated 
with urethane, fever and bone pain at rest and 
during activity subsided and anemia, hyper- 
globulinemia and proteinuria were ameliorated 
or corrected. Abnormal plasma cells in the bone 
marrow became altered in appearance and 
decreased in number or disappeared from the 
marrow. After six to eight months there was 
x-ray evidence of recalcification of bone. 

Electrophoretic studies on sera of four of these 
patients showed conspicuous reduction in the 
amount of abnormal serum globulin after 
urethane therapy. In one patient globulin with 
gamma mobility comprised 45.7 per cent of the 
total serum protein before treatment. A total 
dosage of 240 Gm. of urethane was given orally 
over a period of two months. Five months after 
completion of therapy the gamma globulin 
component was 23.8 per cent and at nine 
months it was 22.9 per cent. In a second patient 
with 49 per cent gamma globulin before treat- 
ment there was a fall to 18 per cent in four 
months and 19.1 per cent at seven months. In a 
third patient “M” globulin comprised 45.2 per 
cent of the serum protein before treatment and 
33.4 per cent three and one-half months later. 
The abnormal globulin rose again to 40.6 per 
cent accompanied by a decline in hemoglobin, 
red count and hematocrit and the reappearance 
of over 20 Gm. per day of Bence-Jones protein 


in the urine. A fourth patient excreting about 
25 Gm. of Bence-Jones protein daily in the urine 
had a normal percentage distribution of serum 
protein components before therapy. After two 
months of urethane the gamma globulin fell 
from 10.5 per cent to 8.5 per cent with a 75 per 
cent reduction in the amount of Bence-Jones 
protein in the urine. 

Activation of Serum Proteolytic En- 
zyme. Jessica H. Lewis, M.D. {by invita- 
tion) and John H. Ferguson, M.D. From 
The Department of Physiology, Uni- 
versity of North Carolina, Chapel Hill, 
N. C. 

Normal blood contains a powerful proteolytic 
enzyme system which, if fully activated, is 
capable of destroying all the fibrinogen and 
probably much of the other plasma protein in a 
few minutes. Serum contains enzyme precursor 
(proenzyme) and enzyme inhibitor (anti-en- 
zyme). In vivo activation occurs only under 
certain rare pathologic conditions. 

We have set up systems for study of the 
activation of this proenzyme in vitro, using 
various “activators” including chloroform, strep- 
tokinase and staphylokinase. Proteolytic activity 
is measured by the rate of lysis of a standard 
fibrin clot. 

Proenzyme is prepared from (1) human, (2) 
canine (3) bovine serum by 25 per cent alcohol 
fractionation at 0°c. This fraction contains 
almost all the proenzyme and a reduced amount 
of anti-enzyme. Spontaneous activation of these 
preparations did not occur. 

Chloroform treatment of the proenzyme 
preparations causes further marked reduction of 
the antifibrinolytic activity of these fractions. 
Fibrinolytic activity appears in these prepara- 
tions only slowly and rarely to maximal amounts. 

It is concluded that the main action of chloro- 
form is to remove enzyme inhibitors and to 
allow either spontaneous activation or activation 
by substances already present in the serum 
fractions. Streptokinase readily activates human 
proenzyme but does not affect dog or bovine 
preparations. In optimal amounts its effect is 
immediate but in suboptimal amounts a period 
of preliminary incubation with proenzyme is 
necessary for maximal fibrinolytic activity. 
Staphylokinase activates both human and dog 
proenzyme but does not affect bovine material. 
The kinetics of the staphylokinase reaction also 
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differ from streptokinase in that even in optimal 
amounts staphylokinase reacts relatively slowly, 
the rate being dependent upon the temperature. 
Streptokinase and staphylokinase are relatively 
heat stable, as is the proenzyme, while the 
activated enzyme is markedly heat labile. 

In conclusion, the applicability of these facts 
to the measurement of human and dog pro- 
enzyme is presented. 

Therapeutic Use of Radioactive Gold 

IN Malignant Disease. P. F. Hahn, M.D. 

From The Cancer Research Laboratories, 

Meharry Medical College, Nashville, 

Tenn. 

Radioactive gold^^® is produced by a neutron- 
gamma reaction in the chain reacting pile from 
the 100 per cent naturally occurring gold.^®^ 
Therefore, there are no undesirable side reac- 
tions or contaminant isotopes produced. Gold^®® 
lends itself readily, when in the colloidal state, 
to administration by vein in the treatment of 
diseases of the lymphoid-macrophage system. It 
is also useful in the treatment of discrete tumor 
masses by direct infiltration as the colloid. The 
half-life (2.7 days) is sufficiently long for the 
isotope to perform its required work, i.e., deliver- 
ing radiation over an integrated period of slightly 
over a week rather than in a short burst. Its life 
is not so long but that one is able to “titrate” the 
ionizing radiation in the patient and certainly 
not long enough to act as a carcinogenic agent 
in itself. Its biologic behavior is comparatively 
well understood and, as the colloid of the 
metallic element, is not susceptible to solution 
by tissue fluids. The chemical behavior of the 
element is well known. To date it has been found 
that once this material is delivered underneath 
the skin the tissue tolerance for radiation is 
several times what was anticipated. It is non- 
toxic. Its administration does not give rise to 
radiation sickness. The cross section to thermal 
neutrons ranges from 100 to 200 times that of 
most isotopes. The degree of dispersal of the gold 
colloid is very high, the particle size being of 
the order of magnitude of 60 milli-micra, there 
being approximately 3 trillion particles per cc. 
of colloid suspension. Each of these acts as a 
near-point beta emitter. The mean free path 
of the beta particle in the tissue is of the order of 
3.8 mm. Thus adjacent structures and tissues 
are relatively unaffected in contrast to the 
radiation produced by use of radium needles and 

AUGUST, 1949 


243 

radon seeds. Thus with gold colloid the beta 
radiation is used to its fullest extent and the 
gamma is relatively negligible, constituting 
approximately 10 per cent of the total ionization 
response obtained. 

The chief obstacle to widespread use of this 
material in the treatment of malignant tumors 
at the present time is lack of kno\vledge of the 
beta ray tolerance of various tissues. It is also 
difficult on many occasions to estimate the 
volume of tissue subjected to infiltration and 
therefore we are occasionally unable properly to 
estimate the equivalent roentgen dosage de- 
livered to such tissues. Radio-autography is 
being employed in an attempt to study the 
degree to which this material is diffused in the 
tissue infiltrated. Also certain spreading agents 
are being investigated as to their capacities to 
modify such diffuse localization of the isotope. 
This isotope promises to be very useful in the 
future treatment of neoplasms. 

Treatment of Various Infections with 
Procaine Penicillin in Oil with 2 Per 
Cent Aluminum Monostearate. Harold 
L. Hirsh, M.D. and Waller Kurland, M.D. 
{Introduced by Hugh S. Hussey, M.D.). From 
The Georgetown University Medical 
Division, Gallinger Municipal Hospital 
and the Department of Medicine, George- 
town University School of Medicine, 
Washington, D. C. 

Adequate preparations of procaine penicillin 
in oil with 2 per cent w/v aluminum mono- 
stearate give therapeutically effective blood 
concentrations for at least ninety-six hours and 
generally for one hundred twenty hours. Signifi- 
cant blood concentrations have been found 
within one hour after injection. 

Our previous experience has demonstrated 
that penicillin therapy for about five days is 
generally sufficient in the treatment of any acute 
infection. The present study was undertaken for 
the purpose of determining whether infections 
caused by organisms such as the pneumococcus 
and streptococcus could be adequately treated 
by a single 1 cc. dose of procaine penicillin in 
oil with 2 per cent w/v aluminum monostearatc 
containing 300,000 units of procaine penicillin. 

Twenty-five patients with scarlet fever arc 
included in this scries. A prompt response was 
noted in all patients. The duration of fever after 
therapy was started averaged thirty-eight hours. 
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Streptococci disappeared within forty-eight 
hours from the throats of all patients from whom 
positive cultures were obtained before therapy 
was started. One patient had a recurrence of the 
hemolytic streptococcus on the fourth day which 
persisted until another injection of procaine 
penicillin in oil with aluminum monostearate 
was given on the eleventh day. Another patient 
developed purulent otitis media on the tenth 
day which responded to therapy with aqueous 
penicillin. Still another patient developed serous 
meningitis on the seventh day and a fourth, 
evidence suggestive of acute rheumatic fever on 
the eleventh day. 

Sixteen patients with lobar pneumonia diag- 
nosed on the basis of history and physical find- 
ings, serial roentgenograms and/or laboratory 
studies have been treated with a single injection 
of the preparation. In all patients the response 
was prompt and the temperature fell below 
100°c. within twenty-four hours. Convalescence 
was uneventful in all patients. 

One patient with streptococcal pharyngitis 
was treated in an identical manner and made 
an uneventful recovery. 

Three patients with cellulitis were given two 
injections (300,000 units each) at five-day 
intervals with complete resolution of the in- 
volved area. 

The results in this series of patients are com- 
parable to those seen in patients treated with 
other established penicillin regimens. 

Effect of Dihydroergocornine on the 
Pulmonary Response to Histamine .and 
Methacholine in Subjects with Bron- 
chial Asthma. John J. Curry, M.D., Job 
E. Fuchs, M.D. and Samuel E. Leard, M.D. 
{Introduced by Harold Jeghers, M.D.) From 
The Robert Dawson Evans Memorial, 
Massachusetts Memorial Hospital and 
the Department of Medicine, Boston 
University School of Medicine, Boston, 
Mass. 

It has been reported that interruption of the 
sympathedc nervous system in the lung brings 
about cessation of asthmatic attacks in certain 
individuals. Presumably the operation is effec- 
tive because it prevents noxious stimuli arising 
within the lung structure from ascending to the 
cranial centers and producing reflex broncho- 
constriction. In a few subjects with bronchial 


asthma we have been able to demonstrate that 
procaine block of the sympathetic pathways of 
the lung reduces the pulmonary response to 
injected histamine and methacholine. This is of 
great interest in view of recently reported 
studies on the relationship between the degree of 
asthma and the pulmonary' response to these 
drugs. 

In the present communication the effect of a 
new sympatholytic agent, dihydroergocornine, 
on the pulmonary response to histamine and 
methacholine is reported. The method of study 
has been outlined in detail in previous reports. 
In brief, an evanescent asthma-like attack is 
induced by histamine or methacholine and the 
subsequent reduction in vital capacity and 
maximum ventilation is measured. Dihydro- 
ergocornine is then administered and the 
injection of histamine or methacholine repeated. 
The degree of protection is thus easily ascer- 
tained by objective measurement. The results 
indicate that in some cases the sympatholytic 
agent furnishes remarkable protection against 
the pulmonary reaction to histamine and 
methacholine. These studies present interesting 
clinical implications and in addition may 
furnish further understanding of the funda- 
mental pathologic physiology of the lung in 
bronchial asthma. 

Study of Complete Parenteral Alimen- 
tation IN Dogs. H. C. Meng, M.D. {In- 
troduced by William J. Darby, M.D.) From 
The Department of Physiology, Vander- 
bilt University School of Medicine, Nash- 
ville, Tenn. 

Previous work has led to the development of a 
stable, fine fat emulsion which was used in an 
attempt to supply all necessary nutrients to dogs 
intravenously. The animals were apparently in 
good health after ten weeks of injections. Ho^\■- 
ever, they did show intermittent hematuria and 
some anemia. It was thought that the hematuria 
and anemia might have been due to the me- 
chanical difficulties in voiding. The present 
study was undertaken in an attempt to avoid the 
previous difficulties and demonstrate the possi- 
bility of keeping animals completely healthy by 
complete parenteral feeding. 

In the control period two adult male dogs 
were fed a complete basal diet which furnished 
80 calories per Kg. of body weight per day of 
which 50 per cent came from carbohydrate, 
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16 per cent from protein and 34 per cent from 
fat. Immediately following this period they were 
given a diet containing the same amount of 
carbohydrate, protein and fat, but it was infused 
exclusively by vein. Water was allowed by 
mouth ad libitum, and liver extract and folic acid 
were given intramuscularly every week. Protein 
was furnished in the form of the casein hydroly- 
sate, amigen. The fat emulsion contained 10 per 
cent olive oil which was stabilized with 0.5 per 
cent span 20, 0.4 per cent asolectin and 0.1 per 
cent sodium cholate. It was homogenized in a 
high pressure viscolizer. Vitamins A, D and E 
were incorporated in the emulsion. The dogs 
were infused daily for four weeks and then 
sacrificed. 

There was never any hematuria or anemia 
and the animals remained healthy, lively and 
in good spirits throughout. Extensive laboratory 
tests were performed during the experimental 
period, and the outstanding feature of all of 
them was their constancy. The nitrogen balance 
was negative during the first week but was sub- 
sequently positive. There ^vas a slight gain in 
body weight. Histopathologic study of the 
organs of the animals showed them to be en- 
tirely normal. It is concluded that this fat 
emulsion is non-toxic and that the body is 
capable of utilizing fat in this form. 

Gastrometric Studies before and after 
Vagotomy. E. J. Linberg, M.D. {by invi- 
tation), K. S. Crimson, M.D. and {by invi- 
tation) J. R. Chitlum, M.D. From The 
Department of Surgery, Duke University 
School of Medicine, Durham, N. C. 

Gastrometric examinations of the fasting 
stomach have been made before vagotomy in 
thirty-eight patients with peptic ulcer and at 
intervals afterward in fifty-six. Eleven were 
studied twenty-four to thirty-seven months after 
operation. The usual method employed intra- 
gastric balloons inflated at intervals of five to 
fifteen minutes using increments of 50 cc. of air 
to a total volume of 300 cc. Intragastric pressure 
was recorded continuously using a bromoform 
manometer. Resting intragastric pressure as 
judged by the tone base line was moderately 
increased after vagotomy. Strong fluctuations 
of intragastric pressure above this tone base line 
ceased or were markedly reduced. Stretch 
refle.xes occasionally occurring during inflation 
of the balloon before vagotomy were not ob- 
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served afterward. Tonus contractions occurred 
occasionally before and after operation. Effects 
persisted, there being no evidence of recovery 
during periods of observation as long as three 
years. 

Effects of overdistention of the stomach were 
studied. Three patients were tested before 
vagotomy and one or two ^veeks after\vard by 
increasing the balloon volume to 1,000 cc. 
Resting tone increased with greater distention 
before and after vagotomy, the increase after- 
ward being greater. Increase of contraction 
waves with higher volumes did not occur in 
patients tested during the first several weeks 
after vagotomy. Fifteen patients were tested 
twelve to thirty-eight months after vagotomy 
using volumes up to 1,000 cc. Increased height 
of the tone base line occurred, that at 1,000 cc. 
being double that at 300. Some patients had 
low contraction waves at a 300 cc. volume. These 
increased in height with greater distention. 

Comparison of gastrometric records of mo- 
tility with standard insulin tests reveals changes 
of motility to be more consistent, a normal pat- 
tern appearing after operation only in one pa- 
tient definitely known to have an incomplete 
vagotomy. 

Mechanism of Removal of Sulfonated 
Dyes from Blood Plasma by Mam- 
malian Liver. Ralph W. Brauer, M.D. 
{Introduced by John Adriani, M.D.) From 
The Department of Pharmacology and 
Experimental Therapeutics, Louisiana 
State University School of Medicine, New 
Orleans, La. 

It will be shown that three factors are involved 
in the excretion of sulfonated phthalein dyes, 
especially sodium phcnoltetrabromphthalein sul- 
fonate by the liver; circulation of blood through 
the liver, uptake of the dye from the blood 
plasma by the hepatic parenchyma and re- 
excretion of the dye store in the hepatic cells in 
the bile. Data will be presented in particular 
with regard to the second mechanism which has 
been investigated by means of liver perfusion 
studies as well as by in vitro studies of liver slices. 
The uptake mechanism appears to be independ- 
ent of metabolic processes which can be poisoned 
by either cyanide, fluoride or mercuric ion, and 
it docs not appear to be interfered with by 
administration of India ink or of carbon tetra- 
chloride prior to the experiment under condi- 
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tions which lead to a marked decrease of the 
BSP clearance in the intact animal. The evi- 
dence to be presented supports the concept of 
the liver functioning as a multiple unit extrac- 
tion system in rvhich successive units function at 
decreasing BSP concentrations. This concept is 
derived in part from the much greater efficiency 
of the perfused liver compared to incubated 
liver slices in removing BSP from the solutions 
with which they are brought in contact. The 
tendency of BSP to form little dissociated com- 
plexes with various proteins is proposed as the 
basis of the driving force governing the flow of 
dye from plasma or perfusion solutions into the 
liver cells. Data to be presented \vith regard to 
the other Uvo factors just mentioned will include 
studies of the relative concentrations of BSP in 
blood plasma and liver lymph of normal and 
carbon tetrachloride-poisoned or India ink- 
injected dogs as well as preliminary data ob- 
tained by the use of BSP containing radioactive 
sulfur in the sulfonic acid radical of the molecule. 

Thermal Separation of Radiomercury 
FROM Radiosodium. P. B. Reaser, M.D. 
{by invitation), G. E. Burch, M.D. and {by 
invitation) S. A. Threefoot, M.D. and C. T. 
Ray, M.D. From The Department of 
Medicine, Tulane University School of 
Medicine and Charity Hospital of Louisi- 
ana, New Orleans, La. 

A number of physiologic phenomena can be 
studied best by the simultaneous administration 
of two or more radioactive isotopes. This report 
is concerned with the description of a method 
which is practical in separating radioactive 
mercury from radioactive sodium (Na--) and 
presumably from other elements with similar 
thermodynamic constants. Its organic com- 
binations are characterized by instability. If 
they are decomposed, the consequent behavior 
of the Hg can be used to advantage. 

To study the pharmacodynamics of diureses 
produced by a mercurial diuretic it is desirable 
to use such a compound synthesized with radio- 
mercur)’^ (Hg-®^"-"^). This isotope of mercuiy' has 
a physical half-life of 51.5 days. Its “practical” 
half-life ^^•as found to vary considerably, depend- 
ing on environmental and chemical conditions. 

Thirty samples of radioactive mercuhydrin 
and radioactive sodium (Na®®) ^vere allo^ved to 
diy^ at room temperature. Thirty samples of a 
solution of radioactive sodium (Na®®) chloride 


were prepared, to which, after drying, -were 
added known amounts of radioactive mercu- 
hydrin solution. After being counted all prepa- 
rations were heated in an oven to 250°c. for one 
hour and Dventy minutes. Upon removal and 
cooling they were again counted. 

A mean of more than 99 per cent of the 
mercury of a mercuhydrin preparation was 
driven off by heat, ^vhereas under identical 
conditions a sodium preparation did not change 
significantly. Naturally, stable mercurial salts 
or compounds %vould have to be rendered labile 
to heat to take advantage of vapor tension and 
boiling point differences. 

Spectrophotometric Determination of 
Blood Oxygen. J. B. Hicham, M.D. and 
K. R. Frayser, M.D. {Introduced by Eugene 
A. Stead, Jr., M.D.) From The Depart- 
ment of Medicine, Duke University 
School of Medicine, Durham, N. G. 

Determination of blood oxygen content by 
gasometric methods is time-consuming, thus 
limiting the number of observations made in a 
single study. In many cases it is the arteriove- 
nous difference across lung, liver, kidney or brain 
which is particularly desired. The present ab- 
stract reports the development of a rapid, 
accurate spectrophotometric method for de- 
termining the difference in oxygen content 
between two samples and for estimating with 
fair accuracy the absolute oxygen content of the 
individual samples. 

The Beckman spectrophotometer equipped 
with standard 0.5 cm. cuvettes was used. Meas- 
urements were made at 660 m/x. At this wave 
length the absorption coefficient of reduced 
hemoglobin is approximately five times that of 
oxyhemoglobin. The method operates on the 
principle that the difference in optical density 
between two samples of blood from the same 
subject having the same hemoglobin content 
is proportional to their difference in oxygen 
content. In practice the more highly oxygenated 
sample is used as the blank against which the 
other sample is read, thus eliminating the effect 
of “inactive” hemoglobin and other substances 
which do not alter their optical density with a 
change in oxygen tension. Samples are hemo- 
lyzed by a concentrated saponin solution before 
reading. Fifty-six gasometrically controlled de- 
terminations of A-V difference ranging from 
0.5 to 15.0 volumes per cent have been made on 
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blood from nine different subjects. The standard 
deviation from regression is 0.23 volumes per 
cent. Estimate of the absolute oxygen content 
of a sample can be made by the additional 
colorimetric determination of the total hemo- 
globin. Satisfactory allowance can be made for a 
change in the hemoglobin concentration during 
the course of a study. In routine use the method 
is quite simple and has proved to be five to six 
times faster than the ordinary gasometric tech- 
nic. The accuracy appears to be roughly equiva- 
lent to that of gasometric methods. 

Comparison of Results of Measurement 
OF Red Blood Cell Volume by Direct 
AND Indirect Technics. William Parson, 
M.D., H. S. Mayerson, M.D., Champ 
Lyons, M.D., R. T. Nieset, M.D. (by invi- 
tation) and W. J. Trautman, Jr., M.D. (by 
invitation). From The Departments of 
Medicine, Physiology and Surgery and 
the Laboratory of Biophysics, School of 
Medicine, Tulane University and the 
Alton Ochsner Medical Foundation, New 
Orleans, La. 

Concomitant measurements of red blood cell 
volume and plasma volume were made with 
the radioactive phosphorus (P-32) technic and 
with the T-1824 method respectively in ten 
normal and thirty-five hospitalized individuals. 
A standard correction factor of 0.915 was used 
to correct the hematocrit values for trapped 
plasma. When this correction is used, the values 
calculated for red cell volume from the plasma 
volume and hematocrit data agree well with 
the values obtained by direct measurement of 
the red cell volume with the P-32 method. Total 
blood volumes calculated from the red cell and 
hematocrit and from the plasma volume and 
hematocrit show satisfactory agreement with the 
total blood volumes as calculated from the sum 
of the actually determined red cell and plasma 
volumes. Comparison of the (in vitro) peripheral 
and the body hematocrit also shows good agree- 
ment. The data suggest that the whole blood 
volume can be measured ^vith an average dis- 
crepancy of less than 5 per cent by the plasma- 
dye-hematocrit method provided the corrected 
hematocrit value is used. 

Plasma Volume and Extr avascular Thio- 
cyanate Space in Experimental Serum 
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Sickness in Rabbits. George T. Harrell, 
M.D. and (by invitation) Ernest H. Tonni, 
M.D. From The Department of Internal 
Medicine, Bowman Gray School of Medi- 
cine, Wake Forest College, Winston- 
Salem, N. C. 

Patients with Rocky Mountain spotted fever 
develop clinical edema during the acute phase 
of the disease. Frequently the plasma volume 
is reduced transiently and peripheral circulatory 
failure may ensue. The maximum changes 
usually occur just before the temperature begins 
to fall. The time relationships suggest the possi- 
bility that an antigen-antibody reaction may 
explain the pathogenesis of the alteration in 
capillary permeability. To test this thesis twelve 
rabbits were injected intravenously with 5 cc. 
Kg. of human plasma. The plasma volume was 
measured by the Evans blue technic and the 
thiocyanate space simultaneously determined 
by the loss of thiocyanate from the plasma. 
Three base line determinations were made 
before injection; three additional determinations 
were made on successive days, beginning with 
the appearance of precipitins for human plasma 
in the rabbit’s blood, usually on the seventh or 
eighth day after injection. A final determination 
was done one week later. A significant rise in 
the thiocyanate space was observed and was 
accompanied by clinical manifestations of serum 
sickness — edema, fever and listlessness. The 
drop in the plasma volume was small but was 
statistically significant for the group. The 
changes reverted to normal in convalescence. 
Similar results were obtained in a second group 
after the injection of purified human serum 
albumin. 

Studies on the Hepatic Circulation in 
Hyperthyroidism. J. D. Myers, M.D. 
(Introduced by Eugene A. Stead, Jr., M.D.) 
From The Duke University School of 
Medicine, Durham, N. C. 

A group of patients with clinically typical 
hyperthyroidism have been investigated in the 
fasting state in regard to total cardiac output, 
hepatic blood flow and splanchnic o.xygen con- 
sumption. These measurements were made by 
the technic of venous catheterization. The data 
obtained were compared with a set of control 
data on subjects without significant disease. 

The mean figures on eleven patients with 
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hyperthyroidism were as follows: metabolic 
rate, 54 per cent; cardiac index, 5.0; hepatic 
blood flow (BSP method), 920 ml. per minute 
per square meter of body surface; mixed arterio- 
venous oxygen difference, 4.4 volumes per cent; 
hepatic A-V oxygen difference, 6.8 volumes per 
cent and splanchnic oxygen consumption, 61 ml. 
per minute per square meter. Corresponding 
figures in twenty-seven control subjects were: 
cardiac index, 3.8; hepatic blood flow, 870; 
mixed A-V oxygen difference, 4.0; hepatic A-V 
oxygen difference, 4.3 and splanchnic oxygen 
consumption, 37. The splanchnic oxygen con- 
sumption in the controls comprised 23 per cent 
of the total oxygen consumption; in hyperthy- 
roidism the corresponding figure was 30 per cent. 

In summary, the patients with hyperthyroid- 
ism showed a moderate elevation in cardiac out- 
put without concomitant increase in hepatic 
blood flow. At the same time their splanchnic 
oxygen consumption was increased in propor- 
tion to the elevation in total metabolism. These 
circumstances require in hyperthyroidism an 
increase in oxygen extraction in the splanchnic 
area. This situation of an increased hepatic A-V 
oxygen difference in the fasting state is the same 
as that found in heart failure and may well play 
a significant role in the frequency of hepatic 
disease in thyrotoxicosis. 

Some Factors Influencing Sodium Ex- 
cretion. Jerry M. Lewis, M.D. and S. 
Maple Sevier, M.D. {Introduced by Tinsley 
R. Harrison, M.D.) From The Depart- 
ment of Internal Medicine, Southwestern 
Medical College, Dallas, Tex. 

The hourly urinary excretion of sodium has 
been studied in normal subjects, under con- 
ditions of constant intake of water and sodium. 
Change from the recumbent to the sitting 
posture is accompanied by a sharp decline in 
sodium excretion. The usual duration of the lag 
period of this phenomenon suggests a chemical 
rather than a nen'ous mechanism. In the sub- 
jects thus far studied compression of the neck 
by a blood pressure cuff inflated to 25 mm. in a 
subject in the sitting position caused an increase 
in sodium excretion over that in a patient in the 
same position without the cuff. 

The results taken together appear to indicate 
that: (1) some type of central mechanism may 
be a factor in regulation of sodium e.xcretion and 
(2) the nature of this mechanism is still uncer- 
tain but it does not appear to be related to 


alterations in cardiac output or in cerebral blood 
flow. 

Chloride Bai.ance in Congesti\t: Circu- 
latory Failure. Henry A. Schroeder, M.D. 
From The Department of Internal Medi- 
cine, Washington University School of 
Medicine and Barnes Hospital, St. Louis, 
Mo. 

Forty patients suffering from congestive circu- 
latory failure of cardiac origin \vere studied on a 
metabolic service for long periods of time. The 
intake of salt, calories and fluids was constant 
for varying intervals. The urinar)^ output of 
chlorides was measured daily, over 2,200 de- 
terminations being made. Various procedures 
which alter the course of congestive failure were 
instituted after adequate control periods. (1) 
The amount of chlorides e.xcreted in the urine 
was either depressed or was elevated very 
slightly when the intake of salt was increased, 
either by ingestion or by intravenous injection 
of a hypertonic solution. (2) Restriction of the 
fluid intake usually resulted in retention of 
chlorides and elevation of the intake sometimes 
initiated a chloride diuresis. (3) When the 
theoretical weight loss was calculated from the 
total urinary excretion of chlorides over several 
weeks and compared to the actual loss of weight, 
there was good agreement in about one-half the 
cases; in the other half there was an indication 
that the patients had been in a state of over- 
hydration. Therefore, disturbances of both salt 
and water balance, separately and together, 
were present in cases of congestive failure. (4) Of 
the effects of diuretic agents, theocalcin was 
found to influence principally the e.xcretion of 
water and the mercurial diuretics, the e.xcretion 
of chlorides. Digitalis appeared to affect both 
but acted in only one-third of the patients. 
(5) Severe overhydration occurred in eighteen 
patients; this was accompanied by oliguria and 
dilution of plasma electrolytes. When electro- 
lyte levels were elevated by intravenous injec- 
tion of hypertonic saline, diuresis often became 
established. In these cases renal failure appeared 
to result from loss of e.xtracellular sodium 
chloride. (6) When the urinary concentration 
of chlorides was considered in the light of other 
functions of the kidney, it appeared that the 
amount excreted was too low to be accounted 
for by diminution of renal blood flow and that 
cxtrarenal factors, presumably from the adrenal 
cortex and pituitars^ were possibly operating. 
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Mechanisms of Salt and Water Reten- 
tion IN Heart Failure. D. J. Highes, 
M.D. {by invUalion), H. H. Turner, M.D. 
(by invitation), A. J. Moseley, M.D. (by in- 
vitation) and A. J. Merrill, M.D. From The 
Emory University School of Medicine, 
Atlanta, Ga. 

Much dissatisfaction has been e.xpressed at 
the idea that retention of salt and water in heart 
failure is caused solely by the low renal filtration 
rate. The only explanation available for the fact 
that the tubules reabsorbed a larger proportion 
of the filtered sodium was their “fundamental 
sodium-conserving function.” Many investiga- 
tors have suspected an adrenal cortical effect 
as the reason. Conn’s recent discovery of the 
inverse relationship between the sweat sodium 
concentration and activity of the sodium-retain- 
ing hormone of the adrenal cortex offered an 
excellent method of determining the activity of 
this hormone in heart failure. Four patients 
with cardiac failure were found to have low 
sweat sodium concentrations falling within the 
range of Cushing’s disease. Three had a very 
low filtration rate and all had severe intractable 
failure. One had a normal filtration rate but he 
also had severe failure. Ten patients had a nor- 
mal or high sweat sodium concentration. In 
two the renal plasma flow and filtration rate 
were not measured. In all but one of the re- 
maining the filtration rate was either normal or 
only slightly reduced, the renal plasma flow was 
only moderately diminished and failure was 
much more easily controlled although twenty- 
four-hour sodium excretion was low on a 
200 mg. sodium diet. The remaining patient 
had a very low filtration rate despite the fact 
that the renal plasma flow was well above the 
level at which the filtration rate was reduced. 
It was believed that he probably had had 
glomerulonephritis with perhaps a thickened 
Bowman’s capsule. The fact that he retained 
sodium despite a normal sweat sodium suggests 
that reduced filtration played a part in the 
sodium retention. We have one other patient 
with a slight reduction in the renal plasma flow 
and flltration rate of 49 cc. per minute with 
intractable chronie heart failure. Her sodium 
retention was thought to be on a basis similar 
to that of the patient just mentioned. If pa- 
tients with severe heart failure and edema are 
relieved of as much edema as possible with the 
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aid of mercurial diuretics, a fall in blood sodium 
concentration occurs sometimes to a level as low 
as 114 mEq. (normal 136 to 143). Despite this 
fall the patient does not lose his edema. \Vhile 
this could be due to an artifleial imbalance 
between the proximal and distal convoluted 
tubules, it could mean that the posterior 
pituitary antidiuretic hormone is operating. 

The exact time relationships between these 
phenomena in the course of heart failure is un- 
certain. Perhaps further work will clarify this. 

Intravenous C.atheterization of the 
Heart in the Diagnosis of Congenital 
Heart Disease. Don TV. Chapman, M.D. 
and Lloyd Gugle, M.D. (Introduced by 
James A. Greene, M.D.) From The Baylor 
University College of Medicine, Houston, 
Tex. 

Recent advances in surgical alteration or cor- 
rection of certain congenital defects of the heart 
and great vessels make it imperative that a more 
accurate diagnosis of such lesions be made. In- 
travenous catheterization of the heart has been 
a useful aid to ascertain the condition in pa- 
tients suspected of having such congenital 
abnormalities. 

A 6 French or 9 French special catheter is 
introduced into the median basilic vein and 
passed under fluoroscopic control via the sub- 
clavian vein and superior vena cava into the 
right side of the heart and into the pulmonarj'^ 
artery and its branches. The oxygen content 
of samples of blood are obtained at various sites 
and should not differ normally by more than 
1.9 volumes per cent. Pressures in the various 
sites are recorded by means of a Hamilton 
manometer. This procedure has been used in 
fifty-eight patients Mth, or suspected of having, 
congenital defects of the heart or great vessels. 
The results illustrate its value to ascertain 
whether or not the patient has a defect, to indi- 
cate the operability when defects are discovered 
and to suggest the prognosis. 

In cases of auricular septal defect the oxygen 
content of the blood from the right atrium is 
greater than that in the vena cavac. In patients 
with ventricular septal defects a sufficient in- 
crease in oxygen content in the blood from the 
right ventricle is demonstrated when compared 
with that in the atrium. Septal defects may also 
be demonstrated by passing the catheter 
through the defect into the left side of the heart. 
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Patent ductus arteriosus is demonstrated by 
finding an increase in oxygen content of blood 
from the pulmonary artery as compared with 
the right ventricle and occasionally by an 
increased pulmonary arterial pressure. Cases 
of cyanotic congenital heart disease are pre- 
sented sho\ving the usual absence of the left to 
right shunt. Cyanotic patients with increased 
pressure in the right ventricle or pulmonary 
artery are discussed. Combined lesions such as 
cyanotic congenital heart disease with patent 
ductus arteriosus may be found and patients 
with such abnormalities are described. Several 
patients who were suspected of congenital 
defects but in whom the catheterization studies 
were normal are described. A case in which a 
pulmonary vein was found to empty into the 
right (?) or common (?) atrium is reported. 
Complications of the procedure, including pre- 
mature ventricular contractions, phlebitis and 
venospasm, are described. 

Direct Arterial Puncture and Photo- 
electric Plethysmography in the Di- 
agnosis OF Coarctation of the Aorta. 
Melvin L. Goldman, M.D. {by invitation) 
and Henry A. Schroeder, M.D. From The 
Department of Internal Medicine, Wash- 
ington University School of Medicine 
and Barnes Hospital, St. Louis, Mo. 

In thirteen patients with coarctation of the 
aorta photoelectric plethysmograms were made 
of the pulses in the ears, toes, fingers and scrota, 
and the blood pressure in the brachial and 
femoral arteries was measured ^vith a Hamilton 
manometer. By these means it ^vas possible to 
determine roughly the degree of constriction of 
the aorta. In eleven of the patients femoral 
diastolie pressures were the same or slightly less 
than that in the brachial. In the others it was 
considerably lower. Both groups showed severe 
constriction of the aorta at operation. Diastolic 
pressure was elevated in only two; one showed a 
minimal constriction of the aorta by retrograde 
aortic arteriography which was reflected by a 
slightly lower systolic pressure in the femoral 
artery’- than in the brachial. The pulse wave 
velocity \vas found in all patients but one to be 
considerably less than normal. Two subjects 
were studied after surgical correction of the 
defect; the changes observed were in the direc- 
tion of normal, the pulse ^vave velocity returning 
to normal values. 


The mechanism of hypertension in coarcta- 
tion was investigated by partial constriction of 
the brachial artery to a point above diastolic 
pressure by means of a cuff and the blood pres- 
sure measured below the constriction. ^Vhen 
this was done in normal subjects and in those 
with coarctation or hypertension, both systolic 
and diastolic pressures rose significantly above 
control values, the rise occurring on the next 
systole. This unusual finding may be the result 
of the “breaker phenomenon” or may account, 
in part, for the hypertension observed in these 
patients. 

In the course of these studies four female 
patients were found to exhibit coarctation, 
hypogonadism, short stature and shortening 
of one or more phalangeal, metatarsal or meta- 
carpal bones. The frequency of this combination 
of findings apparently has not been noted 
previously. 

Reversal of the Left Ventricular 
Strain Pattern of the Electrocardio- 
gram BY Etamon and Spinal Anesthesia 
Arthur Ruskin, M.D. and Aljred Lane, M.D. 
{Introduced by Raymond Gregory, M.D.) 
From The University of Texas Medical 
Branch, Galveston, Tex. 

Hypertensive patients with the left ventricular 
strain pattern in the electrocardiogram show 
variability in the latter at different times. This 
variability has not correlated well with the level 
of the blood pressure. On the other hand, 
sympathectomized hypertensive patients have 
presented, parallel to their relative hypotensive 
states, favorable changes (toward normal) in 
the electrocardiogram in about 50 per cent of 
the cases. 

Tetraethyl ammonium, 0.5 Gm. intraven- 
ously, usually causes a marked temporar)' drop 
in the systolic and diastolic blood pressures of 
hypertensive patients. Electrocardiograms ob- 
tained in the horizontal position at the minimum 
levels of blood pressure in such cases showed 
marked elevations of the T %vaves and fre- 
quendy of the depressed S-T segments. In other 
cases showing lesser drops of blood pressure 
electrocardiograms taken in the sitting posture, 
with concomitant greater drops in blood pres- 
sure, sometimes caused partial reversal of the 
left ventricular strain pattern. 

Spinal anesthesia like^visc caused normaliza- 
tion of the electrocardiogram if the blood 
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pressure fell markedly. No correlation could be 
established between degrees of drop in blood 
pressure and the degrees of reversal of the strain 
pattern. Such electrocardiographic changes 
could not be obtained following sodium amytal 
although the high blood pressure fell, albeit 
slowly. Etamon lower pressures in non-hyper- 
tensive individuals elevated the T waves only 
in exceptional cases. The possible mechanisms 
will be discussed at a future date. 

Role of the Kidney in the Pathogenesis 
OF Experimental Hypertension. Arthur 
Grollman^ M.D.^ John Vanatta, M.D. (by 
invitation) and E. E. Muirhead, M.D. From 
The Department of Physiology and 
Pharmacology, Pathology and Experi- 
mental Medicine, Southwestern Medical 
College, Dallas, Tex. 

By application of the artificial kidney to 
nephrectomized dogs or those in which one 
ureter was implanted into the small intestine 
and the contralateral kidney removed it has 
been possible to determine the role played by 
the kidney in the pathogenesis of hypertension. 
In the absence of both kidneys the blood pres- 
sure rises gradually, reaching hypertensive 
levels within the course of a week. If kidney 
tissue deprived of its excretory function by im- 
plantation of the ureter into the gut remains in 
the body, the animal remains normotensive. 
These experiments demonstrate the erroneous- 
ness of the view that hypertension is the result 
of the elaboration of a pressor agent (renin, 
angiotonin, hypertension) by the kidney and 
prove that the kidney normally performs some 
incretory function which, when in abeyance, 
results in the development of hypertension. 

Effectiveness of Several Adrenolytic, 
Sympatholytic or Ganglionic Block- 
ing Drugs Against Acute and Chronic 
Neurogenic Hypertension. K. S. Grim- 
son, M.D. and (by invitation) J. R. Chiitum, 
M.D. From The Department of Surgery, 
Duke University School of Medicine, 
Durham, N. C. 

Priscol, dibenamine and fwo ne^ver sympa- 
tholytic drugs, to be presented as G 7337 and 
C 5968, and also two ganglionic blocking drugs, 
etamon and a new product SC 1950, have been 
tested against increased inti'acranial pressure 
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acutely produced in anesthetized dogs and 
against chronic neurogenic hypertension in 
dogs. 

In increased intracranial pressure experiments 
dogs under chloralose anesthesia were given 
progressively larger doses of one test drug intra- 
venously until bilateral occlusion of the carotid 
arteries no longer significantly increased the 
blood pressure. Intracranial pressure ivas then 
increased by forcing saline through a trochar 
into the skull. Increase of intracranial pressure 
in untreated animals stimulated increases of 
blood pressure to values exceeding 200 mm. Hg. 
In treated animals the blood pressure gradually 
decreased during drug administration, oc- 
casionally reaching levels below 70 mm. Hg. 
Increase of intracranial pressure then usually 
effected only moderate increase of the blood 
pressure. Two of the six drugs, priscol and C 
7337, in occasional experiments completely 
blocked the pressor response. 

Each of the six drugs was also tested in dogs 
with chronic neurogenic hypertension persisting 
one to twelve months after excision of the carotid 
sinuses and division of the depressor nerves. 
The blood pressure was obtained before and 
several times during a three to eight-hour period 
after administration of the test drug. Priscol was 
given orally, intramuscularly and also intra- 
venously. Etamon, SC 1950, C 7337 or G 5968 
were given intravenously and also intramuscu- 
larly. Dibenamine was given intravenously 
only. Three or more tests were performed for 
each route of administration. The effect of 
priscol was variable, pressor responses occurring 
occasionally, and a significant to normal reduc- 
tion of blood pressure in one-half of the experi- 
ments also occurring. Dibenamine caused 
reduction of the pressure to normal and this 
lasted fifty hours in one dog. C 7337 and C 5968 
reduced the blood pressure to normal. Etamon 
reduced the pressure to normal in one-half of 
the trials while GD 1950 had the same effect in 
all animals but one. In unanesthetized nor- 
mal animals the aforementioned drugs caused 
changes in blood pressure vai^dng from an 
increase to moderate decrease. 

Effect of High Spinal Anesthesi.a on the 

CARDLA.C Output ofNorm.al and Hyper- 
tensive P.ATiENTS. Lawrence G. May, M.D.. 

Alene Bennett, M.D., A. L. Lane, M.D.. 

E. D. Futch, M.D., Mary Lynn-Schoomcr, 

M.D. (by invitation) and Raymond Gregory, 
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M.D. From The University of Texas 

Medical Branch, Galveston, Tex. 

In attempting to arrive at some understand- 
ing of the pathogenesis of essential hypertension, 
high spinal anesthesia has been used as a 
method of producing a decrease in blood pres- 
sure in patients with essential hypertension. 
The degree to which elevated blood pressure 
may be lowered uniformly with high spinal 
anesthesia has suggested the importance of an 
increased vasomotor tone in maintenance of the 
arteriolar constriction. Opponents to this idea 
have argued that the drop in blood pressure is 
due to diminished venous return to the heart 
which produces a decrease in the cardiac out- 
put sufficient to explain the fall in blood 
pressure. 

Other studies of the relationship between 
venous and arterial pressure under high spinal 
anesthesia have shown no correlation in the 
time relationships between the falls of venous 
and arterial pressures. In most instances the 
arterial pressure falls before the venous pressure. 
From this somewhat indirect evidence it has 
been believed that the fall in arterial pressure 
cannot be explained on the basis of diminished 
cardiac output. It was decided, however, that 
cardiac output studies must be done in order to 
make final conclusions and such studies were 
made employing the direct Fick method. 

One hundred seventeen cardiac output 
determinations have been done on fifteen 
normotensive and seven hypertensive indi- 
viduals; (1) Unsedated normotensives with 
spinal anesthesia, (2) sedated normotensives 
with spinal, (3) unsedated normotensives with- 
out spinal, (4) sedated normotensives without 
spinal, (5) sedated hypertensives with spinal, 
(6) unsedated hypertensives with spinal, (7) 
sedated hypertensives without spinal, (8) un- 
sedated hypertensives without spinal. 

In the normotensive patients the control 
cardiac indices before spinal anesthesia are so 
high and so variable that it is impossible in most 
instances to get a base line within the normal 
range. In this group spinal anesthesia causes a 
fall in the cardiac index but the fall is always 
within the normal range. In the sedated normo- 
tensives the control cardiac indices are essen- 
tially within the normal range; spinal anes- 
thesia causes some slight fall but the fall is 
essentially Nvithin the normal range. \Ve were 
somewhat surprised to find the cardiac indices 


of unsedated hypertensives to be uniformly 
within the normal range and often to be belo\r 
the commonly accepted normal range, and to 
find that the sedated hypertensive individual 
often has a slightly higher cardiac index than 
the unsedated. 

In the sedated hypertensives with high spinal 
anesthesia there was little if any fall in the 
cardiac index in spite of a uniformly obtained 
fall in both systolic and diastolic blood pressure. 
The falls in cardiac index that did occur in the 
hypertensive group were usually still within 
normal range and were no greater than the falls 
which occurred in the control groups of hyper- 
tensives which were sedated; a spinal tap was 
done but no spinal anesthesia was induced. 
Hypertensive patients under spinal anesthesia 
uniformly had higher cardiac indices than a 
group without spinal anesthesia. 

In normotensives high spinal anesthesia 
associated with the fall in blood pressure may 
not be associated with a significant fall in 
cardiac index if the control values are within 
normal limits before the spinal anesthesia is 
induced unless the blood pressure falls below 
critical levels of 80 to 90 mm. Hg systolic. In 
the hypertensive group, use of a high spinal 
anesthesia which is associated with a great fall 
in the blood pressure, we usually did not find 
a significant fall in the cardiac index. The varia- 
tions which occurred were usually within the 
normal range. 

In both normotensive and hypertensive 
individuals significant falls in blood pressure 
may occur without any significant fall in cardiac 
index. 

Read by Title 

Observations on Regulation of the 
Cerebral Circulation. Perilz Scheinberg, 
M.D. {by invitation) and Eugene A. Stead, 
Jr., M.D. From Duke University School 
of Medicine, Durham, N. C. 

The purpose of this study was to determine 
the ability of the cerebral blood vessels to dilate 
and constrict in response to various physiologic 
and pathologic situations. The cerebral blood 
flow was measured by the nitrous oxide method 
of Kety and Schmidt. The cerebral O 2 and 
glucose consumptions were calculated by multi- 
plying the respective arterio-internal jugular 
differences by the cerebral blood flow. The 
peripheral resistance was calculated in absolute 

URNAI. or MEDiniSF. 


AMERICAN JO 



The Southern Society for Clinical Research 


units by dividing the mean pressure by the 
blood flow. 

Observations have been made in normal sub- 
jects in the recumbent position and after 
motionless standing. Patients with hypertension 
who have recovered from removal of the sympa- 
thetic chain from Ii through the stellate ganglia 
were studied in the recumbent and standing 
positions. The effects of stellate block in patients 
with cerebral vascular disease have been 
observed. 

Improvement of the Artificial Kidney: 
An Experimental Study of Its Ap- 
plication TO Dogs Deprived of Renal 
Excretory Function. Jo/m Vanatta, M.D. 
{by invitation), E. E. Muirhead, M.D. and 
Arthur Grollman, M.D. From The De- 
partments of Physiology and Pharmaco- 
logy, Pathology and Experimental Medi- 
cine, Southwestern Medical College, Dal- 
las, Tex. 

The artificial kidney has been applied 120 
times to eighty-five dogs, seventy-five of which 
were deprived of renal excretory function by 
bilateral nephrectomy or other procedures. 
Study of the technic as described by Kolfi' and 
other workers revealed the following funda- 
mental defects: (1) the composition of the bath 
not only failed adequately to maintain the 
normalcy of the chemical composition of the 
blood but in addition produced hemolysis; (2) 
the membrane reacted with blood to cause 
hemolysis; (3) the pump on the original appa- 
ratus of Kolff caused hemolysis; (4) the dosage 
of heparin had to be adjusted, and antiheparin 
substances were needed to prevent hemorrhage 
from the wound and (5) variations in the blood 
content of the apparatus resulted in depletion 
or overload of the vascular system. 

Following alteration of the bath and chemical 
treatment of the membrane as well as attention 
to other details, nephrectomized dogs were 
maintained to the twentieth day and dogs other- 
wise deprived of renal excretory function for a 
period of a month, at which time they were 
sacrificed for pathologic study. 

Pathologic Changes in Bilaterally Ne- 
phregtomized Dogs with Hyperten- 
sion. E. E. Muirhead, M.D., John Vanatta, 
M.D. {by invitaiioii) and Artlnir Grollmari, 
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M.D. From The Departments of Physi- 
ology and Pharmacology, Pathology and 
Experimental Medicine, Southwestern 
Medical College, Dallas, Tex. 

Bilaterally nephrectomized dogs sustained 
with the artificial kidney develop a charac- 
teristie pattern of lesions. Early changes occur 
by the fifth day, definite lesions by the eighth 
day and advanced lesions thereafter. The main 
changes are found in smooth muscle tissue 
throughout the body. Arteries, veins and arteri- 
oles display the following: loss of longitudinal 
striations, hyaline swelling, pyknosis, disap- 
pearance of nuclei and confluence of hyalinized 
fibers with a smudgy appearance. Infarcts arc 
noted in the myocardium, gastrointestinal 
mucosa and intestinal muscularis. Smooth 
muscle changes are also noted in the muscular 
coats of the esophagus, stomach, small and large 
intestine, splenic trabeculae and urinary blad- 
der. The bronchial tree and pulmonary vessels 
do not reveal these changes. Hyaline emboli 
are encountered in the heart, gastrointestinal 
mucosa and lungs. Bilateral ligation of the 
ureters culminate in similar findings. Implanta- 
tion of the ureter into the small bowel with 
contralateral nephrectomy and sustenance up 
to thirty days has not caused these changes. 

The vascular changes are those of malignant 
hypertension. Widespread smooth muscle tissue 
changes seem evident in this condition. 

Hematologic Abnormalities Resulting 
FROM MeTASTASES OF PrOSTATIC CAR- 
CINOMA TO Bone Marrow. U. Jonsson, 
M.D. {by invitation) and R. W. Rimdles, 
M.D. From The Duke University School 
of Medicine, Durham, N. C. 

The growth of tumor metastascs ^\'ithin the 
bone marrow may produce fever, skeletal pain, 
roentgenologically demonstrable bone lesions 
and/or anemia before there is local evidence of 
neoplastic growth. Hematologic studies may 
establish the diagnosis and aid in evaluating 
the response to therapy. 

Bone marrow aspirations in twenty-eight 
patients with prostatic cancer, nineteen of whom 
had x-ray" or other evidence of tumor metastascs, 
revealed tumor implants in si.xteen subjects. 
Among those with metastascs the prostate gland 
was considered by palpation to be benign in 
four cases. Five had questionable neoplastic 
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nodules. Osteoblastic skeletal lesions were pres- 
ent in fourteen patients. The acid phosphatase 
^vas above 3. King-Armstrong units in sixteen 
and the alkaline phosphatase above 10 King- 
Armstrong units in seventeen patients. A useful 
physical sign — pronounced tenderness over the 
sternum — was present in thirteen of those with 
marrow metastases. 

The hemoglobin was less that 12 Gm./lOO cc. 
in sixteen patients. Severe anemia of the leuko- 
erythroblastic type, with immature granulo- 
cytes and nucleated red blood cells in the circu- 
lating blood, was present in eight patients with 
gross infiltration of the bone marrow with 
tumor tissue. Tumor cells were found in the 
bone marrow of two patients who had no x-ray 
abnormalities and normal phosphatase and 
peripheral blood values. 

Six of the patients with leuko-erythroblastic 
anemia associated with tumor metastases in the 
bone marrow were follo^ved for four to eleven 
months after orchidectomy and estrogen therapy. 
The peripheral blood values improved or 
became normal in five months. Tumor cells 
in the bone marrow decreased in number, their 
cytoplasm became denser and the nuclei 
pyknotic. Progressive bony sclerosis of a degree 
making needle biopsy impossible was observed 
without development of anemia. The degree of 
tumor infiltration increased in one patient and 
the blood values continued to fall. 

Effect of Adrenoxyl on Blood Loss from 
Surgical Wounds. J. J. ^avertnik, M.D., 
R. F. Hager ty, M.D. {by invitation) and 
K. S. Crimson, M.D. From The Depart- 
ment of Surgery, Duke University School 
of Medicine, Durham, N. C. 

Adrenoxyl, a mono-semicarbazone of adreno- 
chrome, reportedly decreases bleeding time of 
rabbits and man. Our studies confirm the effect 
on bleeding time. In dogs an intramuscular 
injection of 10 gamma of adrenoxyl produced 
a marked decrease, the effect becoming maxi- 
mal at thirty to sixty minutes. A study of the 
ability of the drug to decrease blood loss from 
surgical wounds also has been made. 

Consecutive parallel and apparently similar 
incisions were made in the liver of anesthetized 
dogs estimating bleeding by weight of the blood 
collected. One hour after administration of 
10 gamma of adrenoxyl bleeding decreased 
markedly with one e.xception in ^vhich it ^vas 


apparent that severance of a large vessel in- 
creased bleeding and masked the effect of 
adrenoxyl. 

The amount of blood loss from wounds pro- 
duced by the resection of similar portions of a 
rabbit’s ear was also estimated and was found 
to be decreased moderately one hour after 
administration of 10 gamma of adrenoxyl. This 
effect was measured by producing the same 
type of wounds on opposite ears of the same 
rabbit five days apart. Three different wounds 
produced on one ear before administration of 
the drug bled an average of .31 Cm., .72 Gm., 
.80 Gm. of hemoglobin, respectively, increasing 
amounts representing the larger or more proxi- 
mal incisions. Five days later three similar 
wounds were made using the opposite ear and 
administering adrenoxyl. Decrease in bleeding 
after administration of adrenoxyl %\’as 44.7 per 
cent, 3.7 per cent and 13.3 per cent, respectively. 
The effect of adrenoxyl appeared more marked 
in wounds in which bleeding was predominantly 
from small vessels. An attempt was also made to 
study the amount of bleeding from donor sites 
of skin grafts and from multiple skin incisions, 
but wide variations of bleeding occurring in 
control studies prevented studying the effects of 
adrenoxyl on blood loss from these wounds. 

Adrenoxyl appears to decrease the bleeding 
time and amount of blood loss from wounds in 
which the bleeding is a sloiv, steady ooze. Be- 
cause of encouraging results obtained so far, 
clinical trials have been started and will be 
discussed at a future date. 

Circulating Red Cell Mass in Poly- 
cythemia Vera as Determined by Red 
Blood Cells Tagged wtth the Radio- 
active Isotope of Iron. George R. 
Meneely, M.D., E. B. Wells, M.D. {by 
invitation) and Paul F. Hahn, M.D. From 
The Department of Medicine, Vander- 
bilt University School of Medicine and 
the Cancer Research Laboratories, Me- 
harry Medical College, Nashville, Tenn. 

Previous reports by ourselves and others 
have shown a pronounced difference between 
antecubital venous hematocrit and the average 
body hematocrit when the plasma volume is 
measured by the method of Gibson and Evans 
and the red cell mass by the method of Hahn, 
Ross, Balfour, Bale and ^Vhipple as modified 
by Meneely, Veils and Halm. Although under 

AJIERICAN JOURNAL OF ItEDICINE 



The Southern Society for Clinical Research 


normal conditions it is true that the venous 
hematocrit reflects proportionately the circu- 
lating red cell mass, in conditions such as inani- 
tion, shock, cardiac failure, polycythemia vera, 
etc., such a relationship probably does not occur 
and the venous hematocrit does not afford a 
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true picture of the existing state of affairs in 
the circulation. We present data in two patients 
to show that by direct determination the total 
circulating red cell mass is considerably greater 
than that which would be estimated on the basis 
of body weight and venous hematocrit. 

From this data it is seen that the observed 
red cell mass is much greater than would be 
expected on the basis of antecubital venous 
hematocrit and body weight. We believe that 
many failures in therapy of polycythemia by 
phlebotomy are ascribable to a lack of compre- 
hension of the extent of the plethora and poly- 
cythemia actually present which leads to gross 
undertreatment. Properly employed, phlebo- 
tomy is a physiologic and adequate therapy. 
Such is not the case with phenylhydrazine 
which incites reticulocytosis, is toxic and releases 
detritus in the vascular bed of patients already 
threatened with thrombotic accidents. We have 
stated before and reiterate our opposition to 
radioactive phosphorus in this condition, which 
is almost invariably benign, because we believe 
phosphorus as a relatively long-lived isotope is 
not suitable for therapy and because of the 
danger of precipitating a fulminating leukemia. 

Demonstration of Adrenocortico- 
TROPHiG Hormone in the Urine of Two 
Female Patients with Cushing’s Syn- 
drome. Albert Segaloff, M.D. and William 
Parson, M.D. From The Department of 
Medicine, Tulane University School of 
Medicine, and the Alton Ochsner Medi- 
cal Foundation, New Orleans, La. 

Two female patients with classical Cushing’s 
syndrome have been studied. They both fitted 
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the usual criteria with thin skin, striae, atrophic 
muscles, plethoric facies, “buffalo obesity,” 
hypertension, etc. In addition they had markedly 
elevated urinary excretions of cortin (biological 
assay) and one of them had an (intermittently) 
elevated urinary excretion of 1 7 -ketosteroids. 
This latter patient died from an overwhelming 
infection of Cryptococcus hominis. The post- 
mortem examination revealed bilateral adrenal 
cortical hyperplasia and Crooke cell changes in 
the pituitary. The other patient is still under 
observation and it is believed that she, too, has 
bilateral adrenal cortical hyperplasia. 

The assays for adrenotrophic hormone in the 
urine were done by the Sayers and Sayers 
technic based on depletion of adrenal ascorbic 
acid in hypophysectomized rats. The most 
satisfactory urinary concentrates were achieved 
by a modified alcohol precipitation dialysis 
method. In the best studies the animals each 
received intravenously the concentrate from 
twelve hours of urine. 

Urinary concentrates from normals and from 
patients with various diseases were assayed in 
parallel with the concentrates from patients 
with Cushing’s syndrome. The controls were 
consistently negative. (The controls included 
patients with proven adrenal cortical hyperplasia 
with virilism, “the adrenogenital syndrome.” 

The two patients reported here represent the 
only instances we have found of unequivocal 
evidence of urinary excretion of adrenocortico- 
trophic hormone. 

Serum Cholesterol Esterase in Normal 
Diabetic and Arteriosclerotic Pa- 
tients. E. D. Futch, M.D. {by invitation) 
and Raymond Gregory, M.D. From The Uni- 
versity of Texas Medical Branch, Gal- 
veston, Tex. 

In early atherosclerotic changes cholesterol 
esters exceed free cholesterol. In old athero- 
sclerotic deposits the percentage of free cho- 
lesterol increases. The degree to \vhich cholesterol 
esterase activity might be a factor in the intimal 
deposition of cholesterol or its esters is the basis 
for the studies that are being reported here. 

In vitro studies of the extent and rapidity of 
the conversion of free cholesterol to cholesterol 
esters resulting from tlie incubation of serum in 
ten normal, ten diabetic and ten patients with 
severe arteriosclerotic disease have been made 
according to the method of Sperr\'. Serum from 
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the aforcmcnlioned types of patients was 
analyzed for cholesterol fractions at zero hours 
and after twenty-four, forty-eight and seventy- 
two hours incubation at 37°c. under sterile 
conditions. The rate and degree to which free 
cholesterol was converted to cholesterol esters 
varied within wide limits. We tverc, however, 
unable to detect any significant change in these 
values in the normal diabetic and arterio- 
sclerotic groups. From these data it is concluded 
that abnormalities of serum cholesterol esterase 
do not play a significant role in the pathogenesis 
of atherosclerosis. 

Effects of a Quaternary A.mine o.n 
Functions of the Autonomic Nervous 
System. F. H. Longino, M.D. {by invila- 
lion), J. R. Chittum, M.D. (by invitalion) 
and K. S. Crimson, M.D. From The 
Department of Surgery, Duke University 
School of Medicine, Durham, N. C. 

Effects of 2,6 dimethyl diethyl piperidinium 
bromide on functions of the autonomic ners'ous 
system have been determined. In anesthetized 
dogs the drug lowered arterial blood prc.ssurc 
and blocked changes of prc.ssurc normally oc- 
curring with the carotid sinus reflex, stimulation 
of central and peripheral ends of divided vagi 
and anoxia. It also equalized changes of perip- 
heral resistance of normal and sympathcc- 
tomized extremities during thc.se stimuli. Prc.ssor 
responses to intravenous epinephrine were 
apparently incrca.scd. Terminal incrca,sc of blood 
prc.ssurc normally associated with acute rise of 
intracranial prc.ssurc was not prevented. Effects 
of the drug were counteracted by prostigmine. 

In normal unanesthetized dogs moderate 
increases of blood prc.ssurc and tachycardia 
occurred after administration of tlie drug. In 
dogs with chronic neurogenic hypertension the 
drug caused a redviction of blood prc.ssurc and 
a slowing of the pulse. Barium studies of the 
gastrointc-stinal tracts of nonnal dogs showed 
that small doses stimulated gastric and intestinal 
activity but that larger doses effected cessation 
of peristalsis of the stomach and delayed transit 
through the small intestine. 

In patients the flriig abolished activity of the 
stomach and small inte.stine as shown by bal- 
loon intubation studies. Barium sttidies demon- 
strated delay of gastric emjnying and of transit 
througit the smalt intestine. Effects on the 
ga'trointi'stina! tract were [lanially counter- 


acted by urecholine. In normoiensive patients a 
transient fall of blood prc.ssurc occurred. This 
was more marked and prolonged in hypertensive 
patients. Reduction or reversal of nonnal pres- 
sor responses no breath holding or application 
of cold was effected as was lo.ss of the tcmj)era- 
turc gradient of each extremity, paralysis of 
accommodation, dilatation of the pupils and 
ptosis of the upper eyelids. 

Actions of this new drug were apparently 
much like those of the tetraethylainmonium ion. 
and since these actions were reversed by prostig- 
mine it seems likely that cholinergic synaptic 
transmission through autonomic ganglia i-; 
blocked. 

Response of Linguae Manifestation of 
Pernicious Anemia to Pteroyi.oeutamk: 
Acid and Vitamin Bi;- Janus F. Scliirir, 
M.D. (by invilalion) and R. I)’. Rundlrs, 
M.D. From The Duke University Sciiool 
of Medicine, Durham, N. C. 

While the therapeutic efl’ectivcne.ss of syn- 
thetic ptcroylglutamic acid is satisfactory in thtr 
majority of patients with pernicious anemia, 
macrocytic anemia often is not completely cor- 
rected and neurologic relapses may occur on 
maintenance dosc.s. Little attention has been 
paid to the third major clinical manifestation 
of the disease, that of atroj)hy and inflanitnatinn 
of the lingual mucosa. 

Seven patients with pernicious anemia in 
relapse having lingttal mucosal atrophy were 
given 30 to 100 mg. of pteroyigluiamic acit! 
daily l)y mouth. In two the filiform papillae 
regenerated to normal height in seven to ten 
days, a resjionse equal to that regularly ob- 
tained by fully jiotent liver therapy. In five 
patients the lingual response from the beginning 
of therapy was poor. 'J'heir tongues tendril to 
remain red and the papillae stubby. During 
the third month of pteroyigluiamic acid ihrrafiy 
two of the.se patient.s had definite lingual re- 
lapses. developing sore, nxl and conipletrlv 
smooth tongiie.s. They were given intraimecul.ir 
injections of O.OIfi and 0.02.3 mg. of vitamin 
Bi;. Regeneration of filiform fi.ipillae aim 
restoration of tfie normal lingua! color followed 
in six to seven days. 

Five patients with untreated pernicben 
anemia in relap'c who abo bail lingual m.inu 
festations of lUr diseaw were given OOoi me. 
daily or a. single do-- of O.OKt mg. of vit-.mm 
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Bi 2 . Regeneration of the papillae and restora- 
tion of a normal lingual color followed in six 
to ten days. 

Pteroylglutamic acid may fail to induce and 
maintain remissions of lingual manifestations of 
pernicious anemia as well as the anemic and 
neurologic manifestations. Vitamin B 12 pro- 
duced rapid regeneration of the lingual mucosa 
in patients with pernicious anemia who relapsed 
under pteroylglutamic therapy and in those 
who had no previous treatment. 

Virus Isolation and Serologic Studies in 
Patients with Clinical Mumps. William 
F. Friedewald, M.D. {introduced by Paul B. 
Beeson, M.D.) From The Department of 
Bacteriology and Immunology, Emory 
University School of Medicine, Atlanta, 
Ga. 

Materials from patients with various mani- 
festations of mumps were tested for virus by the 
amniotic method of inoculation into embry- 
onated eggs. Mouth washings from seventeen 
patients obtained within three days after the 
onset of parotitis yielded virus in ten of the 
specimens (59 per cent). Virus was also re- 
covered from the testicular tissue of one patient 
with orchitis. Virus was not detected in (1) the 
saliva from three patients ^vhich was taken 
seven days after the onset of parotitis, (2) the 
spinal fluid of seven patients with meningo- 
encephalitis, (3) hydrocele fluid of two patients 
with orchitis, (4) the blood of three patients 
taken during the first or second day of illness 
and (5) a placental extract from a patient with 
parotitis. 

Agglutination inhibition and complement 
fixation tests on sera from fifteen patients with 
parotitis showed comparable rises in the titer 
of the antibodies. The complement fixation test, 
however, appeared to be more reliable and gave 
more reproducible results. No major differences 
in the antigenic structure of a stock strain of 
mumps virus and two viruses isolated in the 
present work were apparent in the tests with 
human sera or with antisera prepared in chickens 
against these viruses. 

Studies in the Fractionation of Liver. 
Composition of Regenerating Lu^er 
AFTER Partial Hepatectomy in Rats. 
Alfred Clianuiin, M.D. and {by invitation) 
Erland C. Gjessing, M.D. From The De- 

AUGUST, 1949 


257 

partment of Biochemistry, University of 
Virginia School of Medicine, Charlottes- 
ville, Va. 

The rate of regeneration of the liver following 
partial hepatectomy is greatest during the 
second, third and fourth days as judged by the 
wet and dry weights and nitrogen contents. 
The percentage concentration of the total solids 
decreases during the first three postoperative 
days. The respective control values are not 
reached by the fourteenth day. 

A procedure is described for fractionating 
liver into three fractions: (a) a saline insoluble 
residue; (b) a precipitate obtained from the 
dialyzed saline extract at pH 5.8 and (c) 
ethanol-precipitated proteins. 

The total solid and nitrogen contents of each 
of the three fractions are decreased to the same 
extent on the first postoperative day and in- 
crease at approximately the same rate on subse- 
quent days. During the first and second post- 
operative days excessive amounts of lipide are 
present in Fractions a and b. Subsequently the 
lipides are incorporated in these two fractions 
in about the same proportions noted for nitrogen. 
Fraction c contains traces of lipide carbon and 
is devoid of cholesterol. The total lipide carbon 
and cholesterol concentrations of the liver mito- 
chondria are not affected by partial hepatec- 
tomy. The respective relative proportions of the 
total solids, nitrogen and total lipide in the three 
liver fractions are relatively constant during 
liver regeneration. 

The conclusion to be drawn from this in- 
vestigation is that the major components of 
three distinctly different liver fractions are 
regenerated at approximately the same rate 
following partial hepatectomy. 

Lack of Pituitary Gonadotrophins As- 
sociated WITH Adrenal Androgen De- 
ficiency. Laurence H. Kyle, M.D. {Intro- 
duced by Harold Jeghers, M.D.) From The 
Department of Medicine, Georgeto\vn 
University School of Medicine, Washing- 
ton, D. C. 

A negro female, nineteen years of age, showed 
primary amenorrhea, hypogenitalism, lack of 
mammary development, absence of axillary 
and pubic hair and eunuchoid skeletal propor- 
tions, the ratio of trunk to lower extremities 
being .92. Additional findings were a number of 
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congenital defects including an arteriovenous 
fistula of the left forearm, nystagmus, partial 
optic atrophy and moderate cardiac enlarge- 
ment. There was-no family history of any similar 
disorder. Laboratory’ examination revealed pitui- 
tary gonadotrophins negative for 6 mouse units 
and urinary 1 T-ketosteroids averaging 1.5 m". 
per tsventy-four hours. Glucose tolerance test 
and insulin tolerance tests were normal. The 
basal metabolic rate v.-as within normal limits. 
On the basis of these findings it was decided 
that the patient fitted none of the usual itroups 
associated with hypogenitalism. Considered 
probable was a diagnosis of primary gonado- 
trophin deficiency together with deficiency of 
whatever trophic hormone stimulates adrenal 
androgen production. Search of the literature 
revealed a report of one similar ease. 

The pattern of the disease appeared suitable 
for testing the postulation of .-Mbright and Reif- 
cnstcin in regard to stimulation of adrenal 
androgen production by the luteinizing hor- 
mone. Consequently the patient was studied 
from ses’cral viewpoints during administration 
of large amounts of luteinizing hormone in the 
form of chorionic gonadotrophin f.A.P.L.). 

During her course of therapy the patient 
showed quite marked breast development to- 
gether with cornification of previously atrophic 
vaginal epithelium. Such evidence of cstrin 
production is not in accordance with our present 
concepts of action of chorionic gonadotrophin. 
Possible explanations of these changes uill be 
discussed at a later date. 

VlT.AMl.N Bj5. PTEROYLGLUT.A.MIC .A.CID AND 

Liver Extr.\ct in the Tre.-\t.ment of 
Macrocytic Anemi.-y. Grace A. GoldsmiUu 
M.D. From The Department of Medi- 
cine. Tulanc University School of ^Icdi- 
cinc. Xew Orleans. La. 

.■\n increase in reticulocytes, eryuhrocytes and 
hemoglobin followed administration of vitamin 
Bi; to si.x patients and pteroylglutamic acid to 
twenty-four patients svith macrocytic anemia 
in relapse. Findings will be compared with the 
response to liver extract. A normal or slightly 
subnormal blood picture was maintained in 
ovelve patients for more than sLx months with 
5 mg. of pteroylglutamic acid daily. Doses of 
2.5 mg. per day were equally effective in nvo 
patients with sprue and two with nutritional 
macrocytic anemia, but the blood count fell 


in two patients with pernicious anemia. Liver 
extract, 15 to 30 units weekly, maintained the 
erythrocyte count and hemoglobin at hicher 
levels than did 5 to 30 mg. of pteroylglutamic 
acid daily in four or five patients. Substitution 
of vitamin Bi; for pteroylglutamic acid in one 
patient was followed by improvement in the 
blood picture. 

Of nine patients with pernicious anemia 
treated tvith pteroylglutamic acid two developed 
a neurologic relapse during therapy while 
existing neurologic changes in two others were 
unaffected. Xcurologic abnormalities were re- 
versed by vitamin Bi; in one patient who re- 
ceived this therapy. 

Roee of the Kidney in the Stor.a.ge of 
Iro.v. joftn K. Hampton, jr.. M.D. (Intro- 
duced hy H. S. Mayerson. M.D.) From 
The Department of Physiology, Tulane 
University School of Medicine, X'ew 
Orleans, La. 

Studies by Granick and others have shov.-n 
that iron is stored chiefly in the liver, spleen 
and bone marrow as the protein-iron compound, 
ferritin. Es'idcncc is also available to indicate 
the presence of ferritin in crystallizablc amounts 
in the kidneys of the cat and the dog. Its 
presence in the horse kidney has been demon- 
strated in minute amounts. 

The present experiments c.xtend these findings 
to the mouse and rabbit kidney. Attempts to 
crystallize ferritin by the CdSO^ method from 
animals using the usual laboratory regimen 
were unsuccessful. However, when hemoglobin 
or iron compounds were injected intraperi- 
toneally. large amounts of ferritin appeared in 
the mouse kidneys and in some of the rabbit 
kidneys. The amount of ferritin present ap- 
peared to be correlated with the dose of iron 
administered. The significance of these findings 
is being investigated. 

Effect of XIeth.adon on Erythrocyte 
Per.\ie.ability’ In Vitro .antj Its Possible 
Connection ystth Chollnesterase -Ac- 
tatty*. Margaret E. Greig, AI.D. and (by 
invitation) William C. Holland, M.D. From 
The Department of Pharmacologsg 
derbilt University School of Medicine, 
XashsTlIe, Tenn. 
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In some metabolic studies in vitro in this 
laboratory it was found that methadon (ami- 
done) inhibited glycolysis of glucose by the rat 
brain. It was also found to inhibit cholinesterase 
activity. 

In some experiments in vivo on dogs it was 
found that intravenous administration of metha- 
don was frequently but not always followed by 
a hemoglobinuria. This was accompanied by 
an increase in erythrocyte fragility. In some 
experiments in vitro methadon also produced an 
increase in fragility of erythrocytes. This in- 
crease in fragility of erythrocytes might be due 
to the inhibition of glycolysis by methadon, as 
Wilbrandt reported changes in permeability of 
erythrocytes exposed to sodium fluoride or to 
sodium iodacetate which are known to be 
glycolytic inhibitors. However, sodium fluoride 
and sodium iodoacetate also inhibit cholinester- 
ase activity in the concentrations used by this 
author and it would seem possible that inhibi- 
tion of this enzyme might be involved in the 
changes observed. To test this possibility the 
effects of prostigmine and physostigmine, which 
are specific inhibitors of cholinesterase, were 
investigated and it was found that these drugs 
also produced changes in permeability of 
erythrocytes. The results of these experiments 
with physostigmine and prostigmine as well as 
those with methadon seem to indicate that in- 
hibition of cholinesterase activity, rather than 
or in addition to inhibition of glycolytic en- 
zymes, may be involved in changes in permea- 
bility of the erythrocyte membrane. Experiments 
on the changes in cation concentration of ery- 
throcytes exposed to methadon and other 
inhibitors of cholinesterase are in progress. 

Determination of Circulating Red Blood 
Cell Volume with Radioactive Phos- 
phorus. R. T. Nieset, M.D., Blanche 
Porter^ M.D., W. S. Traiitman, Jr., M.D., 
Ralph Ad. Bell, Ad.D. {by invitation) and 
William Parson, Ad.D., Champ Lyons, Ad.D 
and H. S. Ad ay er son, Ad.D. From The 
Laboratory of Biophysics, Departments 
of Medicine, Surgery and Physiolog)L 
School of Medicine, Tulane University 
and the Alton Ochsner Medical Founda- 
tion, New Orleans, La. 

A simple dilution method for direct measure- 
ment of total circulating red blood cell volume 
using radioactive phosphorus (P-32) has been 
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developed. The red cells from the subject of 
study are utilized for labelling. Whole blood 
samples are used for counting so that no chemi- 
cal or physical separation of the trace element is 
required. The validity of the method has been 
proved by independent studies in patients of the 
rate of absorption and of loss of radioactive 
phosphorus by red cells in vivo and in vitro and 
of the loss of phosphorus from the plasma in vivo. 
These experiments show that the P-32 is taken 
up rapidly by red cells and released slowly. The 
ease of counting and opportunity for repetitive 
measurement have proved to be advantageous 
in the clinical exploitation of the method. 

In Vitro Properties of Corynebacte- 
rium Diphtheriae Strains Isolated 
FROM Diphtheria Patients in Louisiana. 
Ad. F. Shaffer, Ad.D. From The Depart- 
ment of Bacteriology, Tulane University 
School of Medicine, New Orleans, La. 

Several European workers have observed a 
fair degree of correlation betiveen the clinical 
severity of diphtheria cases in local outbreaks 
and the varieties of C. diphtheriae (gravis, 
intermedins and mitis) responsible, American 
investigators have liitherto been unable to 
demonstrate a similar relationship for the 
organisms isolated from diphtheria patients in 
this country. Gravis strains have been obtained 
from healthy carriers in certain of the Southern 
states but epidemics have not developed in the 
communities where these bacteria were found. 
Because of the need for further data bearing 
on the latter point and the availability of clinical 
material, during the early winter of 1945 to 
1946 a series of diphtheria patients at the 
Charity Hospital, New Orleans, La,, were 
studied in collaboration with Dr, Kay Kohara. 

The seriousness of the disease varied from 
mild (eight cases), moderately severe (eight 
cases) and very severe (six cases) to fatal (t\vo 
cases). No gravis strain was recovered from any 
of these patients. From eighteen patients, chiefly 
those with diphtheria of moderate or consider- 
able severity and including one of the fatal 
cases, typical mitis strains were obtained while 
from the remaining sLx patients, with mild, 
severe or fatal disease, strains differing from 
mitis but not identical with the intermedins 
variety were isolated. Of the t\vent\'-four strains 
of toxigenic diphtheria bacilli three proved 
capable of fermenting sucrose; use of this fer- 
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mentation reaction as a test for dificrentiating 
C. diphthcriac from non-patliogcnic diphtheroid 
bacilli is thus undependable. 

Field Spread Phenomena Related to 
Ei,ectrical Stimulation of the Lat- 
eral Olfactory Tract in the Cat. 
James IF. Ward, M.D. From Tlic Depart- 
ment of Anatomy, Vanderbilt Univ'ersity 
School of Medicine, Nashville, Tenn. 

Using a unipolar recording method a positive 
wave see. long) was picked up from all 
parts of the brain substance and the overlying 
bone and muscles. Tliis activity resulted from 
electrical stimulation of the olfactoiy brain from 
the bulb back through the lateral olfactor>' 
tract to the region of tlic amygdaloid nuclei as 
far back as the optic chiasma. Direct nerve con- 
duction was demonstrated from the bulb back 
to this anterior region of the piriform lobe. The 
positive wave appears to be a field spread cur- 
rent from the posterior region from which it can 
be elicited because: (1) it was not recorded with 
closely spaced bipolar leads unless they were 
in the “center” of origin, (2) no difTcrcncc in 
latency of the response was noted with rapid 
sweeps on the C.R.O. no matter in what part 
of the head the unipolar pickup lead was 
located, (3) the response \vas not lost anywlicrc 
in or on the surface of the brain after a mid- 
sagittal section of the brain from the front back- 
ward to the level of the pons, nor ^vas it affected 
by an additional hcmiscction of the brain 
behind the optic chiasma on the side which was 
stimulated. Section of the brain in the region 
of the lateral olfactory tract behind the stimu- 
lation electrode abolished the response. This 
response svas negative svhen the recording lead 
y'as on the under surface of the brain below the 
region of distribution of the lateral oifactor)' 
tract (results comparable to those of Fox, 
McKinley and Magoun, 1944). The response is 
discussed in relation to a possible relationship 
with the E.E.G. under certain conditions. 

Factors Influencing Contractile Force 
OF the Heart. R. P. Walton, M.D., H. H. 
Brill, M.D., and M. DeV. Gotten, M.D. 
{Introduced by Harold Green, M.D ) From 
The Department of Pharmacology, Medi- 
cal College of South Carolina, Charleston, 
S. C. 


The contractile force of a section of the right 
ventricle has been determined directly by intro- 
ducing varying spring tensions into the classic 
Cushny heart lever system typically attached in 
the open-chest dog preparation. Changes in 
heart size arc compensated for by mechanical 
adjustment or by a preliminary calibration 
procedure. Various maneuvers were conducted 
under relatively standardized conditions. Appli- 
cation of measured degrees of stretch to muscle 
section progrc.ssively increased the contractile 
force (isometric systolic tension) in extreme 
instances up to 600 per cent of that in the con- 
trol period. Coronary ligation markedly de- 
creased contractile force. Stenosis of the inferior 
vena cava, venous hemorrhage and arterial 
hemorrhage did not greatly affect contractile 
force until after substantial decrease in systemic 
arterial prc.ssurc. Saline infusions at the rate of 
10 cc./Kg. over the period of about two minutes 
consistently raised venous pressures about 15 
mm. with only insignificant effects on contractile 
force. (The same infusion rate in the intact 
animal markedly raises venous pressure.) In- 
fusions at the rate of 20 to 40 cc./Kg. during the 
same period raised venous pressures 30 to 65 
mm. with only limited or moderate effects on 
contractile force. Cardiotonic drugs (sym- 
pathomimetic group, vcratrinc and cardiac 
glycosides) moderately elevate venous pressure 
when they produce increases in contractile 
force. Mctrazol, presumably without direct 
cardiac effects, increased contractile force 20 to 
30 per cent under hypotensive conditions rvhen 
there were substantial increases in the arterial 
pressure following the injection. 

In summary, under these e.xperimental condi- 
tions, contractile force is greatly increased by 
mechanical stretching but is only nominally 
affected by the degree of pressure changes 
occurring through ordinary variations in venous 
flow. When there is a serious degree of hypo- 
tension, an increase in arterial pressure increases 
contractile force possibly through an increase in 
coronary flow. 

Aminopterin Therapy in Acute Leu- 
kemia. Rov R. Kracke, M.D. and {by invita- 
tion) William H. Rise, Jr., M.D. From 
The Department of Medicine, Medical 
College of Alabama, Birmingham, Ala. 

Farber and associates recently reported that 
temporary remissions in acute leukemia in 
ajierican journal of medicine 
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children could be produced by certain folic acid 
antagonists. Since their original report, amino- 
pterin (4-aminopterolyglutamic acid) has been 
used in the treatment of acute leukemia in 
twenty-two children and five adults in our 
clinic. Of the twenty-seven patients treated 
twelve are living and fifteen are dead. Aminop- 
terin produced temporary clinical remissions 
in five of the living patients and significant 
temporary hematologic changes in others in the 
series. Those who experienced temporary remis- 
sions had no clinical symptoms and their blood 
and bone marrow appeared normal. The 
response was not consistent in all cases. 

Toxic manifestations of aminopterin are: 
anorexia, ulcerations of the buccal mucosa. 


glossitis, stomatitis, diarrhea, ulceration of the 
gastrointestinal mucosa and aplasia of the bone 
marrow. Toxic manifestations usually clear up 
four to five days after discontinuance of therapy. 
Aminopterin can be started again in small doses 
and increased to tolerance or until the desired 
effect is obtained. 

The patients in our study can be classified 
into three groups: (1) Those in whom aminop- 
terin had no appreciable effect, (2) those whose 
leukemia was apparently controlled temporarily 
but blood and bone marrow remained abnormal 
and (3) those experiencing temporary clinical 
remissions with absence of symptoms and a 
normal-appearing blood and bone marrow 
pattern. 
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Case Reports 


Thyrotoxicosis Simulating 
Hyperparathyroidism* 


Malcolm M. Stanley, m.d. 
Boston, M assac/msctls 

W HEN a patient complains of typical 
symptoms and exhibits character- 
istic signs, the diagnosis of thyro- 
toxicosis is easily made. In some instances, 
however, many of these symptoms are 
lacking and the diagnosis is difficult. In 
such cases it is often necessary to obtain 
assistance from special laboratory proce- 
dures. Recently it has been found that 
determination of the accumulation of radio- 
active iodide by the thyroid gland is useful 
in diagnosis of thyrotoxicosis.*® 

The present report concerns a patient 
with thyrotoxicosis whose disease was ob- 
scured by the absence of many characteristic 
features and by the presence of azotemia, 
hypercalcemia and a normal heart rate. 
The greatly increased uptake of radio-iodide 
pointed to the diagnosis ^vhich, however, 
was established definitely' only' after re- 
peated studies before and after treatment 
with antithyroid drugs. 

CASE REPORT 

L. D., a forty-four year old male clerk, entered 
the Pratt Diagnostic Hospital on June 9, 1 947, 
because of vomiting, weakness, weight loss and 
nervousness. He was -well until four months 
before when his muscles became stiff, lame and 
weak. He “felt shaky inside.” Several days later 
his ankles became swollen. The stiffness of the 
muscles Avas pronounced for appro.ximately 
two Aveeks and never completely left him. There 
Avas some intolerance to heat, in that he became 
uncomfortable Avith the usual bedclothing. He 
believed that his urine Avas darker than normal. 
Nocturia Avhich had been present for y'ears 
continued unchanged until admission. The 
boAvel habits Avere normal, there Avas no diarrhea 
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IVashington, D.C. 

and the stools Avcrc constantly brown. Two 
Avccks after the onset of his illness the first attack 
of A'omiting occurred. There Avas no abdominal 
pain or distention, “just a feeling of uneasiness 
over my stomach,” and for several days he Avas 
unable to retain solids or liquids. Before the 
first admission there Avere five such episodes of 
vomiting, each lasting for three to seven days. 
He Avas, therefore, unable to cat normally 
and in four months lost approximately 50 
pounds. He became progressively Aveaker, 
ncfA'ous and shaky' and noted palpitation, dys- 
pnea and exhaustion on slight exertion. 

He had been hospitalized elsew'here on three 
occasions because of these complaints. Labora- 
tory studies had included urinary' specific 
graA'ities of 1.026 (February 25, 1947), 1.025 
(March 14, 1947) and 1.015 (May 6, 1947). 
The last two urinalyses also had revealed 1 + 
albumin and a fcAV granular casts. Examinations 
of the gastrointestinal tract, gallbladder and 
IjA'cr had shoAvn no abnormalities. 

Upon physical e.xamination it Avas seen that 
the patient Avas quite ill, debilitated and 
cachectic but Avell oriented. The skin Avas pale, 
tanned, Avarm and dry'; the palms Avere hot and 
dry'. The ey'eballs appeared to be sunken.. 
The thyroid Avas smooth, firm and slightly 
enlarged but there Avas no bruit or thrill. The 
heart Avas normal in size, the beat Avas forceful 
and a grade ii systolic murmur Avas heard over 
the prccordium. The heart rate Avas 88 per 
minute. There Avas some muscle tenderness over 
the left arm and forearm and a rather coarse 
tremor of the fingers Avas present. The remainder 
of the physical examination revealed no 
abnormalities. 

Laboratory' data revealed that the urine Avas 
free of sugar and tests for albumin Avere 1 to 
2+. A fcAV Avhite cells, red cells and occasional 
hyaline and granular casts Avere noted. The 
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specific gravity on three examinations was 
1.009, 1.010 and 1.012. After withholding fluids 
for sixteen hours the specifie gravity was 1.013 
on one occasion. A value of 1.013 was obtained 
after 1 cc. pitressin. The urinary phenolsulfon- 
phthalein excretion was 15 per cent in fifteen 
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of globulin. The serum alkaline phos- 
phatase was 3.4 Bodansky units per 100 cc. 
The blood carbon dioxide capacity ■was 69 
volumes per cent. The blood non-protein 
nitrogen was 49 mg. per 100 cc. on two occasions. 

X-rays shoNved the bones of the hands, skull, 
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Gm. 


Table i 


SUMMAR'V OF PERTINENT DATA BEFORE AND DURING THE COURSE OF TREATMENT 


Date 

Calcium 

Intake 

(Gm./day) 

Urinan.’ 
Cal- ' 
cium 
(Gm./ 
day) 

Urinary 

Inor- 

ganic 

Phos- 

phorus 

(Gm. 

day) 

Serum 
Calcium 
(mg. %) 

Serum 
Phos- 
phorus 
(mg. %) 

Serum 
Choles- 
terol 
(mg. %) 

, Blood 
NPN 
(mg. %) 

Urine 

(specifiegravity] 

Basal 

Metab- 

olic 

Rate 

Weight 

(pounds) 

Pulse 

Treatment 

6/10/47 






144 


1.009 

+27, +24 

111.5 

88 


6/11/47 


.... 




. . . 

49 

1.013 

+17, +22 



Mercapio- 













imidazole 













60 mg./day 

6/16/47 

.... 



13.7 

4.2 


49 

1.010 


106 

76 










1.013 with 













pitressin 





6/17/47 









+30, +31 


72 


6/21/47 

.505 









72 


6/22/47 

.404 










72 


6/(>Y47 

210 



13.1 

4.2 

154 




105 

72 


6/24/47 

.046 






-- 

1.011 

+29, +15 


72 


6/25/47 

.213 

.525 

.286 





1.010 


104 

72 


6/26/47 

.318 

.900 

.480 





1.008 


104 

72 


6/27/47 

.283 

.481 

.226 








72 


6/28/47 

.269 

.638 

.270 

.... 

. . . 





104 

72 


6/29/47 

.287 

.460 

.214 







105 

60 


6/30/47 

.285 

.526 

.495 

13. i 

3.8 

181 

35 



+4. +8 

106 

60 


7/1/47 

.182 

.163 




• . . 





. . 

Propylthio- 













uracil 300 













mg./day 

8/4/47 





10.3 

3.0 

254 

29 

1.009 to 1.014 

-13, -13 

120,5 

40 

Propylthio- 









(1.021 with 




uracil 300 









pitressin) 




mg./day 

8/7/47 


.043 


.... 



29 


-11, -8 




10/10/47 


. . 

.... 

10.3 

3.8 

183 


1.009 


138 

45 

Propylthio- 













uracil 300 













mg./day 

12/13/47 

More than 

.026 


10.4 

3.8 

160 

. , 

1.020 


146.5 

45 

Propylthio- 


2.5 Gm. 







(16-hour fast) 




uracil 150 


daily for 







1.027 (two 




mg./day 


eight days 







hours after 






preceding 







1 cc. pitressin) 






this visit 













minutes and 50 per cent in two hours. The urine 
was repeatedly sterile. The Sulkowitch test for 
increased urinary calcium was strongly positive. 
Several basal metabolic rates ranged from +17 
per cent to +31 per cent. 

Blood examination revealed a hemoglobin of 
58 per cent (9.1 Gm. per cent) and hematocrit 
of 32 per cent. The white blood count was 5,700 
per cu. mm., with polymorphonuclear leuko- 
cytes, 81 per cent; lymphocytes, 13 per cent; 
monocytes, 6 per cent. The blood sedimentation 
rate was 37/mm. in one hour by the Westergren 
method. 

The serum sodium was 146 niEq./L., chloride, 
100 mEq./L. The serum proteins totaled 7.0 G . 
per 100 cc., with 4.7 Gm. of albumin and 2.3 
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thorax, vertebrae and lower extremities to be 
normal. X-rays of the chest and gastrointestinal 
tract were normal. There ^vas no calcification 
in the regions of the kidneys or adrenals. The 
electrocardiogram was "within normal limits. 
Slit lamp examination revealed no band keratitis 
or abnormalities of the conjunctivae. Other 
laboratory data are shown in Table i. 

On the second day the uptake by the thyroid 
of radioactive iodide was determined. A maxi- 
mal accumulation of five to six times normal 
was found, indicating a hyperfunctioning gland. 

Examples of the tests with performed on 
two normal individuals and on the patient de- 
scribed in this report are shown in Figure 1 . 

The diagnosis of hyperthyroidism \vas sug- 
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gested by the weight loss, asthenia, forceful 
heart beat and the rapid uptake of radioactive 
iodide by the thyroid gland. Treatment with 
2-mercaptoimidazoIe, 20 mg. every eight hours, 
was begun on the second hospital day. 





Fio. 1. The iodide accumulation by the thyroid gland 
in two normal subjects (curves without dates) and in 
the patient described in this report at tlic dates indi- 
cated. One to two hours before each test, virtually 
complete inhibition of organic binding of iodine in the 
thyroid gland was accomplished by administration of 
100 mg. of mercaptoimidazolc. One hundred micro- 
curies of carrier-free wcrc'feiven by mouth in each 
instance. Serial counts were made by means of a 
Gciger-Muller counter placed in contact with the 
skin over the thyroid isthmus. In normal subjects the 
collection of iodide by the thyroid was relatively slow, 
with maxima of 35 counts per second or less. The dis- 
charge after potassium thiocyanate \vas also gradual. 
On the other hand, in the patient the accumulation at 
the first test (6/11/47) was rapid, ivith a maximal 
count of five to six times normal. The loss of iodide 
after thiocyanate was also abrupt, even more rapid 
than the uptake. After four months of treatment the 
maximal count had decreased somewhat. After six 
months of treatment (12/13/47) the ma.ximal ac- 
cumulation was slightly higher than originally. This 
and the thyroid enlargement were presumably reflec- 
tions of the stimulation of the thyroid by the increased 
thyrotropin secretion which occurred with the onset of 
hypothyroidism. The goiter which developed at this 
time was also probably the result of the same process. 
Subsequent similar tests were made under these con- 
ditions. Almost simultaneously the content of the 
thyroid was determined in absolute terms by means of 
a sensitive gamma tube 35 cm. from the skin. Com- 
parisons showed that in this patient 1 microcurie I*®* 
(1 per cent) in the thyroid was equivalent to 5 counts 
per second obtained by counting with the older tube 
in contact with the skin. 


In view of the high serum calcium and the 
strongly positive Sulkowitch test a low calcium 
diet was instituted, and the daily urinary excre- 
tion of calcium and inorganic phosphorus was 


followed. Tabic i presents these values. Despite 
the low calcium intake the scrum calcium re- 
mained elevated and the urinary c,xcretion of 
calcium was high. During this same period the 
specific gravity of the urine was low, 1.008 to 
1.012. At the time when this test period was 
completed, June 30th, the basal metabolic rate 
had returned nearly to normal, +4 to +8. 

When the patient returned home after twenty- 
one days in the hospital, his general condition 
was only slightly improved. The vomiting con- 
tinued during the first part of his hospital stay 
so that fluids ivcrc administered intravenously 
on several occasions. He weighed 6 pounds less 
than on admission; his pulse was slightly 
decreased from 76 per minute at the beginning 
of treatment to 60 on discharge. He was placed 
on a high caloric diet low in calcium and in- 
structed to take propylthiouracil, 100 mg. every 
eight hours. 

The patient was admitted for a second time 
during August 4-7, 1947. He had noted a 
marked improvement in his general health 
during the month since discharge. His strength 
and appetite had improved and there was no 
excessive fatigue. He had gained 14j^ pounds 
and was less pale and nervous. He had adhered 
closely to the low calcium diet and taken propyl- 
thiouracil 300 mg. daily. The nocturia had 
continued however. He had returned to his 
work on a part-time basis. 

Upon physical examination, with the excep- 
tion of a pulse rate of 40 per minute, there were 
no abnormalities noted. The thyroid was not 
palpable. 

The blood non-protein nitrogen was 29 mg. 
per cent; the serum cholesterol was 254 mg. 
per cent. Urinary phenolsulfonphthalein excre- 
tion ^vas 15 per cent in fifteen minutes and 48 
per cent in sixty minutes. The total serum 
proteins were 6.2 Gm. per cent, with albumin 
4.3 and globulin 1.9. The hemoglobin was 65 per 
cent (10.2 Gm. per cent), with a color index of 
0.98. The white blood count rvas 4,300, with 
polymorphonuclears 45 per cent; lymphocytes, 
43 per cent; monocytes, 7 per cent; eosinoplules, 

3 per cent; basophiles, 2 per cent. The basal 
metabolic rates ranged from —8 to —13. The 
electrocardiogram revealed a sinus bradycardia. 

The marked improvement in symptoms, the 
rise in blood cholesterol and the normal basal 
metabolic rate were evidence of abatement of 
hyperthyroidism. The blood non-protein nitro- 
gen and serum calcium had also returned to 
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normal. The low calcium diet was discontinued 
and the patient was advised to continue taking 
propylthiouracil, 100 mg. every eight hours. 

The patient was again seen on October 10, 
1947. He was asymptomatic at that time except 
for nocturia, once nightly, which had been 
noted about half the time. His weight was then 
138 pounds, a total gain of 34.5 pounds. He had 
resumed a normal diet and continued to take 
propylthiouracil, 300 mg. daily. 

Physical examination revealed no abnormali- 
ties except a pulse rate of 45 per minute and a 
slightly enlarged thyroid gland. Laboratory- 
studies revealed a normal urine, with a specific 
gravity of 1.009 in a random specimen. The 
blood picture had returned to normal. Addi- 
tional data are shown in Table i and Figure 1. 

At the last visit, December 13, 1947, he 
weighed 146.5 pounds which was normal for 
him. He had taken 300 mg. of propylthiouracil 
daily as before. He had recently noted increased 
sensitivity to cold and increasing tightness of 
his shirt collars. During the eight days before 
this visit he had taken 2 quarts of milk daily in 
addition to his regular diet. On this regimen 
the nocturia, which had almost completely 
disappeared, returned with a frequency of 
about once every other night. 

On examination the pulse was 46 per min- 
ute. The eyes were slightly puffy and the voice 
hoarse. The thyroid was moderately enlarged 
but no bruit or thrill was detectable. The urine 
was normal and the specific gravity was 1.020 
after a fast of sixteen hours. Two hours after 
1 cc. pitressin the specific gravity was 1.027. An 
intravenous pyelogram was entirely normal. 
Because of the presence of hypothyroidism, the 
patient was instructed to reduce the dose of 
propylthiouracil to 150 mg. daily. 

COMMENTS 

Although the weight loss, muscular weak- 
ness, nervousness, palpitation, the forceful 
heart beat, the elevated basal metabolic 
rate and lowered serum cholesterol were 
suggestive of thyrotoxicosis, there were 
many features against this diagnosis. The 
weight loss could have been explained by 
the decreased food intake resulting from 
repeated vomiting. A low serum cholesterol 
would be expected with cachexia, particu- 
larly in the presence of moderate anemia. 
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The pulse rate which ranged from 70 to 80 
per minute seemed quite unusual in the 
presence of thyrotoxicosis. However, the 
statement of the patient that he had always 
had a slow pulse while in good health was 
substantiated when it was found to be 45 per 
minute after two months of treatment. The 
rate of 70 to 80 per minute therefore repre- 
sented tachycardia for him. 

Recent studies^’ have shown that 
hyperplasia of the thyroid is accompanied 
by an increased collection of radioactive 
iodide by the gland. In thyrotoxicosis, the 
most frequent concomitant of hyperplasia, 
there is a rapid uptake of iodide by the 
gland, with maximal accumulations above 
60 counts per second. Often levels of several 
times this figure are attained as in the case 
reported herein. The rate of discharge of 
the iodide by thiocyanate is comparable 
to the speed of accumulation. In normal 
subjects the rate of uptake is slow, with 
maxima of 35 counts per second or less. 
The rate of loss of iodide from the gland 
under the influence of thiocyanate is also 
gradual and is similar to the collection. 

The marked increase over normal in the 
accumulation of radioactive iodide by the 
thyroid added strong support to the diag- 
nosis of thyrotoxicosis. It was because of 
this that proper treatment was instituted 
promptly in spite of evidence which seemed 
to make tliis diagnosis untenable. The 
subsequent course with antithyroid therapy 
leaves little doubt that thyrotoxicosis was 
the primary abnormality although it is 
probable that it was not the only disease. 

The repeated episodes of vomiting, mus- 
cular weakness, hypercalcemia, azotemia, 
impairment of kidney function and in- 
creased excretion of calcium in the urine 
which continued for a time after institution 
of a low calcium intake at first made the 
diagnosis of h^^jerparath^Toidism tenable. 
The normal serum alkaline phosphatase was 
not considered unusual in the absence of 
bone changes and also the serum phosphorus 
was normal. The reversion to normal of the 
Iiigh serum calcium and the dramatic im- 
provement in the other s>Tnptoms while 
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under antithyroid treatment made it im- 
probable that this disease was present. 

Addison’s disease was also suggested by 
the vomiting, weakness, tanned skin, weight 
loss, hypotension, azotemia and fixed urin- 
ary specific gravity. The normal-sized heart 
with a forceful beat, the warm skin and the 
elevated basal metabolic rate were against 
this diagnosis. The pigmentation of the 
skin could be adequately explained by 
recent exposure to the sun; there was no 
pigmentation of the mucous membranes. 
The levels of sodium, potassium and cliloride 
in the serum tvere normal. The lasting 
improvement without specific therapy for 
Addison’s disease excluded this disorder. 
The changes in calcium metabolism could 
not be explained on the basis of adrenal 
cortical hypofunction. 

By calculation from the food history the 
intake of calcium, ^vhich had approximated 
1 .4 Gm. per day prior to the first admission, 
was higher than average. It was suggested 
that the whole picture might be explained 
on tliis basis, with the hypercalcemia re- 
sulting from the inability of the kidneys to 
excrete the excess calcium adequately. 
The presence of kidney disease, either 
clironic glomerulo- or pyelonepliritis, was 
postulated. However, the calcium intake 
was not greatly in excess of that taken by 
many individuals. There were no corneal 
or conjunctival lesions such as have been 
described in individuals ^vith hypercalcemia 
of long duration.^® If the syndrome ^vere on 
this basis, it would be expeeted that the 
change to a low intake would result in a 
significant decrease in the serum calcium 
or in the urinary calcium excretion. Tliis 
did not occur in nine days. (Table i.) 
Instead, however, the change to normal 
values occurred over a period of several 
weeks. This interval would probably be 
required for the reversion of such metabolic 
disturbances due to th-jTotoxicosis even 
under adequate treatment with an anti- 
thyroid drug. 

The evidence for renal disease consisted 
of isosthenuria, impaired urinary excretion 
of phenolsulfonphthalein, slight azotemia 
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and moderate anemia. The urine was 
sterile, contained slight to moderate amounts 
of albumin, a few white and red blood cells 
and occasional hyaline and granular casts. 
Improvement with treatment was accom- 
panied by return to normal of the blood 
non-protein nitrogen and an increased 
ability of the kidneys to concentrate the 
urine. The type of renal disturbance is 
not known. The presence of kidney dysfunc- 
tion following acute alkalosis was con- 
sidered; the only evidence for this latter was 
a plasma carbon dioxide capacity of 69 
volumes per cent. In the absence of a history 
of ingestion of alkalies the repeated vomit- 
ing, with perhaps accompanying dehydra- 
tion, remained a possible etiologic factor; 
the normal plasma chlorides made this un- 
likely. However, since both the acute alka- 
losis and renal damage may be transient 
and reversible, it is possible that the former 
may have been present in our patient before 
admission. He had no evidence of re- 
sidual kidney disease after recovery from 
thyrotoxicosis. 

Other common causes of hypercalcemia 
were not present. The patient had not 
received medication containing vitamin D 
so the intake of this substance was not 
excessive. The serum proteins were normal. 
The four normal subjects studied by Diet- 
rick, Whedon and Shorr^ exliibited increased 
urinary and fecal calcium excretion during 
six to seven-week periods of complete im- 
mobilization produced by plaster casts 
e.xtending from the umbilicus to the toes. 
Slight elevation of the serum calcium levels 
occurred during the latter part of the period 
of immobilization and early in the recovery 
phase, with a maximum rise of 1.8 mg. per 
cent. The patient described herein was 
never confined to bed for longer than one 
or two days at a time and never without 
bathroom privileges; his activity was not 
restricted during recumbency. Thus it 
seemed unlikely that bed rest ivas an im- 
portant factor in bringing about the changes 
in calcium metabolism in our patient. 

The vomiting, which was such a promi- 
nent symptom, was probably the result of 
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the elevation of serum calcium. Although 
an increased urinary and fecal excretion of 
calcium occurs frequently in thyrotoxico- 
sis,^’® hypercalcemia is uncommon. In the 
great majority of cases of thyrotoxicosis the 
levels of calcium in the serum are normal. 
However, in the review of Puppel et al.® 
cases were cited with serum caleium levels 
of 12.1 mg. per eent (E. M.), 12.4 mg. per 
cent (M. G.) and 14 mg. per cent (L. M.) 
while on low calcium intakes. On the other 
hand, Robertson^® considered the average 
levels of 9.71 mg. per cent (range 9.1 to 
10.8) in the group of fourteen thyrotoxic 
patients studied by him to be significantly 
lower than the average of 10.39 mg. per 
cent for normal persons (range 9.9 to 
11 . 1 ). 

As further evidence for frequent disturb- 
anees in calcium metabolism in thyrotoxico- 
sis, Golden and Abbott® found roent- 
genologic evidence of significant osteoporo- 
sis in 22 per cent of 110 cases. Since only 
chest films were available in sixty-three 
instances, the true incidence was probably 
higher than this. (Of nine patients in whom 
complete studies were available six had 
decalcification.) The x-ray picture of met- 
astatic cancer and what was clinically 
termed “arthritis” have been described 
with osteoporosis due to thyrotoxicosis.®’® 
Several instances of spontaneous fractures 
due to such osteoporosis have been re- 
ported. The skeletal system of the 
patient described here appeared to be 
normal by x-ray. 

Although at times there may be a re- 
semblance between the clinical picture due 
to thyrotoxicosis and to hyperparathyroid- 
ism, they are usually easily distinguishable. 
Six instances of the simultaneous occurrence 
of these two diseases in the same person, 
tlrree of whieh were confirmed at operation, 
have been reviewed by Miller and Evans.' 

In our patient, because of the hyper- 
calcemia and associated renal dysfunction, 
the diagnosis of co-existing hyperpara- 
thyroidism could not be lightly dismissed 
even with the normal serum phosphorus 
and alkaline phosphatase levels. After com- 
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plete response to antithyroid mediation, 
however, it could be ruled out with certainty. 

In the usual case of thyrotoxicosis the 
kidneys are able to excrete the increased 
amounts of calcium and to maintain a 
normal serum calcium. In our patient an 
explanation of the situation might be that 
the kidneys, wliile able to excrete more 
than normal amounts, because of impaired 
function could not clear enough calcium 
to prevent hypercalcemia. This, of course, 
presumes that the primary'- event was an 
increased mobilization of calcium from 
the bones as a result of the excessive catab- 
olism generally occurring in thyrotoxicosis.® 
This explanation would not be compatible 
with other theories as to the cause of the 
excessive excretion of calcium in this 
disease. 

SUMMARY 

A patient with thyrotoxicosis exhibited 
recurrent vomiting, a normal heart rate, 
azotemia, a fixed urinary specific gravity 
and hypercalcemia with increased calcium 
excretion in the urine. Strong evidence for 
the correct diagnosis was provided by the 
elevated uptake of radioactive iodide by 
the thyroid gland. While under treat- 
ment with antithyroid drugs alone, he 
attained a state of normal health, including 
normal kidney function. The correction of 
the abnormalities while under specific 
therapy for thyrotoxicosis made it unlikely 
that hyperparattyuoidism co-existed and 
thus confirmed the original diagnosis. 

Acknowledgment: We are grateful to Dr. E. B. 
Astwood for helpful suggestions in the prepara- 
tion of this manuscript. 

.ADDENDUM 

Since diis manuscript was submitted, 
further information has become available. 
At the patient’s last visit, November 24, 
1948, tlrree months after all antithyroid 
medication had been discontinued, he was 
asymptomatic. He weighed 170 pounds. 
The thyroid was barely palpable. The heart 
rate tvas 45 beats per minute. There were 
no other physical abnormalities. The urine 
was normal, witli a specific gravity of 1 .01 6 
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in the random specimen. The serum cal- 
cium was 10.2 mg. per cent, phosphorus 
3.2 mg. per cent, cholesterol 178 mg. per 
cent and alkaline phosphatase 1 .8 Bodansky 
units per 100 cc. The thyroid radioactive 
iodine uptake was 14.3 counts per second,* 
or 2.6 per cent, values which were within 
normal limits. 
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Influenzal Meningitis in Adults* 

Report of a Case Complicating the Nephrotic Syndrome 

Marvin C. Becker, m.d. and Clifford L. Spingarn, m.d. 

New York, New York 


jk LTHOUGH Hemophilus influenzae is 
a common cause of acute, purulent 
f ^ meningitis in children, this type of 
meningeal infection has rarely been en- 
countered in adults. A review of the liter- 
ature revealed only thirty reports dealing 
with this disease in persons twenty or more 
years of age. Analysis of the reports indi- 
cated that the disease in the older age 
groups differed in some respects from that 
in the very young. It seemed of interest, 
therefore, to report the following case of 
Hemopliilus influenzae, type B, meningitis 
occurring in a woman of forty-eight and to 
emphasize some of the characteristics of the 
infection. A unique feature of the case is the 
fact that the meningitis occurred as a com- 
plication of the nephrotic syndrome. 

CASE REPORT 

A forty-eight year old, white female school 
teacher complaining of left anterior chest pain 
of two days’ duration was admitted to The 
Mount Sinai Hospital, New York, on October 
25, 1947. 

Two weeks before admission she developed 
a severe upper respiratory infection, associated 
with a low grade fever and a dry cough. The 
fever subsided in a few days but the cough per- 
sisted and with the onset of the chest pain it 
became productive of rusty sputum and there 
was a temperature elevation to 101°f. (rectally). 

Four months prior to the onset of her present 
illness she developed bilateral pitting edema 
of the legs. The blood pressure was 120/80. 
Urinalysis at that time showed 4 plus albumin- 
uria with many hyaline casts. The serum protein 
level was 3.6 Gm. per cent and the serum 
cholesterol was 318 mg. per cent. On the basis 
of these findings a diagnosis of the nephrotic 
stage of chronic glomerulonephritis was made. 


She was placed on a high protein, low salt diet 
and was given thyroid extract (1 gr. three times 
daily), vitamin B complex and ammonium 
chloride (2 Gm. three times daily). On this 
regimen she felt well and had only minimal 
edema of the legs. The albuminuria persisted 
without change. 

On admission to the hospital examination 
revealed a well nourished, ^vell developed, 
acutely ill, white female of forty-eight, with 
marked respiratory distress. The rectal tem- 
perature was 101°F., pulse rate was 100 and the 
respiratory rate was 32. There was a well 
marked arcus senilis and the pupils were con- 
tracted. The neck veins were distended. There 
was some splinting of the left thoracic cage. 
The percussion note was impaired over the left 
chest posteriorly and in the left axilla. Bronchial 
breathing was heard over the left lower lobe 
and there was a grating friction rub in the left 
axilla. There were fine, moist inspiratory rales 
at the base of the left lung. The heart sounds 
were good; a soft systolic murmur was heard 
only at the apex. The blood pressure was 108/70. 
The abdomen was slightly distended. The liver, 
spleen and kidneys were not felt. There \vere 
no abnormalities on rectal or vaginal e.xamina- 
tion. E.xamination of the extremities revealed 
mild edema of both ankles. The reflexes were 
normal. 

The specific gravity of the urine ■was 1.012. 
It contained no sugar but there was a large 
amount of albumin present, with many waxy, 
hyaline and granular casts and two or three 
white blood cells as well as two or tlnce red 
blood cells per high power field. The hemoglobin 
concentration of the blood was 9.6 Gm.: the 
red blood cell count was 3.39 million; the 
white blood cell count was 9,350 with 2 per 
cent myelocytes, 65 per cent non-segmented 
pol)Tnorphonuclear neutrophiles, 14 per cent 
segmented polymorphonuclear neutrophiles, 16 
per cent lymphocytes and 3 per cent monocytes. 


From The Mount Sinai Hospital. New York, N. Y. 
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The erythrocyte sedimentation rate was 1 35 mm. 
in one hour (Westergren). The blood urea 
nitrogen was 7 mg. per cent. 

A typing of the sputum for pneumococci was 
negative. Sputum culture revealed Strepto- 
coccus viridans (alpha) and Streptococcus 
anhemolyticus (gamma). Roentgen c.xamina- 
tion of the chest at the bedside showed pneu- 
monic infiltrations occupying most of the left 
lung. The provisional diagnosis was severe lobar 
pneumonia with the nephrotic .syndrome. 

The patient was given injections of crystalline 
penicillin G (100,000 units every three hours) 
intramuscularly. During the first twenty-four 
hours she became markedly stuporous and her 
temperature rose to 103.2°f. The pulse was 
128 and the respiration was 36. She was given 
a 500 cc. blood transfusion and the penicillin 
was increased to 200,000 units every three hours. 
Despite these measures the stupor continued. 
The picture was interpreted as one of profound 
toxemia due to an overwhelming infection in a 
nephrotic subject. 

On the third hospital day improvement was 
noted. The patient was now rational and 
cooperative. Her rectal temperature had dropped 
to 100°F. There were no meningeal signs. 
Another blood transfusion ^vas administered 
and, in addition, she was given amigen solution 
intravenously (1,000 cc.) in an attempt to com- 
bat hypo-amino-acidemia. Although the organ- 
isms causing the infection were still unknown, it 
^vas believed that there had been a favorable 
response to therapy. That evening, however, her 
condition became worse. Her temperature rose 
to 104°f., with a pulse rate of only 66. The blood 
pressure was now 170/70. The patient appeared 
drowsy, complained of severe headache and 
vomited. Lumbar puncture revealed cloudy 
spinal fluid containing 2,200 cells per cu. mm., 
\vith a predominance of polymorphonuclear 
leukocytes. The Pandy reaction \vas 4 plus. No 
organisms were seen on direct smear of the 
spinal fluid. Because of meningitis, the patient 
was given 4 Gm. of sodium sulfadiazine intra- 
venously and this \vas followed by 1 Gm. every 
four hours intravenously. The dose of penicillin 
was increased to 400,000 units intramuscularly 
every two hours and 10,000 units of penicillin 
were given intrathecally. 

On the fourth hospital day she relapsed into a 
semistupor. Examination of the ears, nose and 
throat for foci of primary infection revealed no 
active disease although the right antrum was 


dark to transillumination. Later that day H. 
influenzae, type B, was identified in the blood 
culture taken on admission and was also found 
in a culture of the sputum and in the cerebro- 
spinal fluid. Lumbar puncture was repeated 
and 100 mg. of streptomycin calcium chloride 
complex were injected intrathecally. In addi- 
tion, 0.5 Gm. of streptomycin was given intra- 
muscularly every six hours. At this time therapy 
consisted of sodium sulfadiazine intravenously, 
streptomycin intramuscularly and intrathecally 
and penicillin intramuscularly. 

By the seventh day^ general improvement was 
clearly apparent. The patient became alert, 
responsive and completely rational. The neck 
signs were almost gone. She was able to take 
sulfadiazine and fluids by mouth. The spinal 
fluid culture was negative and concentration 
of the sugar had risen to 55 mg. per cent from 15 
mg. per cent. Roentgen examination of the chest 
revealed fluid at the left base which partially 
obscured a pulmonary infiltration. 

By the tenth day the temperature had fallen 
to 98.6°f. Use of sulfadiazine and penicillin was 
discontinued. Although the cough persisted, the 
pulmonary signs had definitely cleared. Spinal 
fluid glucose concentration was 70 mg. per cent. 
Blood urea nitrogen was 9 mg. per cent, cho- 
lesterol was 440 mg. per cent, total protein was 
4.6 Gm. per cent, with albumin 2.7 Gm. per 
cent and globulin 1.9 Gm. per cent. 

By the twelfth day she was out of bed in a 
chair and complained only of a slight headache. 
The signs in the chest had almost completely 
cleared but x-ray examination of the chest still 
revealed infiltration in the lower t\vo-thirds of 
the left lung. On the fourteenth day strepto- 
mycin was discontinued. 

The remainder of the hospital stay was un- 
eventful. The patient complained of mild 
frontal headache from time to time but the 
temperature remained normal. On attempting 
to walk she was unsteady and staggered slightly. 
An otologic consultant ^vas of the opinion that 
slight impairment of vestibular function was 
present. Analysis of the blood now revealed a 
total protein of 5.3 Gm. per cent, with albumin 

2.9 Gm. per cent and globulin 2.4 Gm. per cent, 

cholesterol 500 mg. per cent, blood urea nitro- 
gen 17 mg. per cent. Roentgen examination 
three weeks after admission still revealed some 
infiltration in the left lo\ver lobe of the lung. 
This lobe was smaller than previously noted 
and its appearance suggested some degree of 
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atelectasis. The patient was discharged with 
no residual meningeal or pulmonary findings 
twenty-four days after admission. 

COMMENT 

Meningitis due to H. influenzae is 
essentially a disease of early ehildhood. 
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tributable to a humoral antibody. More- 
over, they pointed out that between the 
ages of two months and tliree years this 
bactericidal power is almost completely 
lacking from the human blood and that 
after three years it increases, reaching its 
maximum in adults. 


Table i 

ESSENTIAL CLINICAL AND LABORATORY FINDINGS IN SIXTEEN CASES OF INFLUENZAL MENINGITIS IN ADULTS 


Cases 

Authors 

Age 

Sex 1 

Type of Onset 

Primary 

or 

Cultures 


Compli- 
cations of 

Treatment 

Outcome 

Second- 

ary 

Spinal Fluid 

Blood 

Menin- 

gitis 

1 

Cohoe- 

33 

M 

Head injury two 
weeks prior 

1 

?S 

Smear and culture 
positive 

Negative 

None 

Non-Specific lum- 
bar puncture 

Recovery 

2 

Needles’ 

29 

M 

Tooth extracted 
four days prior 

?s 

Culture positive 

None 

None 

Non-specific 

Recovery 

3 

Dyke< 

29 

M 

Ear infection pre- 
ceding onset 

s 

Smear and culture | 
positive 

None 

None 

Non-specific 

Recover)' 

4 

Neal et al.s 

1 

28 

M 

Six-day history of 
headache and 
vomiting 

p 

Smear and culture 
positive 

Negative 

Deafness 

Antimcningeal and 
antiin/luenzal 
scrum 

Recover)' 

5 

Neal et al.® 

38 

M 

Followed severe 
head injury 

s 

Culture positive 

None 

None 

j 

Antimcningeal 
and antiinfluenzal 
serum 

Recover)' 

6 

Watson-WilliamsU 

46 

F 

Followed ear infec- 
tion of seven days 

s 

Smear and culture 
positive 

None 

None 

Non-specific intra- 
venous silver 

Recovery 

7 

Teggart* 

60 

M 

Two-week history of 
lethargy, head- 
ache, etc. ' 

, . ) ' i 

' p 

Culture negative: 
smear, small 
gram-negative 
bacteria 

None 

None 

Soluscptasinc 

Recovery 

8 

Mulder^ 

28 

M 

Tonsillitis for five 
i davs 

! s 

[ 

Culture positive 

None 


Non-specific 

Death 

9 

Pellegrini® 

58 

M 

Headache for five 
days 

p 

Smear and culture 
positive 

None 

None 

Sulfonamides 

Recover)’ 

10 

Neal et al.® 

51 

M 

Headache 

p 

Culture positive 

Negative 

None 

Sulfapyridinc, 

sulfanilamide, 

scrum 

Recovery 

n 

Neal ct al.® 

35 

M 

Followed sub- 
mucous resection 
and ethmoid- 
! ectomy 

( s 

! Culture positive 

Negative 

i None 

! Sulfap>Tidinc, 
scrum 

! Recovery 

12 

Neal et al.® 

22 

M 


p 

Culture positive 

Negative 

None 

Sulfapyridinc, 

scrum 

Recover)* 

13 

Harold ■» 

59 

M 

Three-day history 
of headache 

p 

Culture posiii%e 

None 

None 

Sulfapyridinc 

Recover)' 

14 

Mutch^^ 

i 

30 

M 

Two-week history 
of headache 

p 

Culture negative; 
smear, gram- 
negative bacillus 

None 

None 

Sulfonamides 

Recover)* 

15 

Baumgartner and 
NuzumJ® 

39 

F 

Ear infection of one 
week 

s 

Culture positive 

None 

None 

Sulfanilamide 

Recover)* 

16 

Becker and Spingarn 

48 

F 

Upper respiratory 
infection, pneu- 
monia, nephrotic 
syndrome 

s 

Culture positive 

Positive 

None 

Penicillin, sulfa- 
diazine, 
streptomycin 

Recovery 


Most of the cases occur during the first 
three years of life. The incidence drops 
sharply from the fourth to the tenth years 
and the disease is very infrequently seen 
after the age of twenty. The relation of age 
to the incidence of this infection has been 
of interest to immunologists. Fothergill and 
Wright^ demonstrated that human blood 
was higlily bactericidal for influenza bacilli 
and that the bactericidal, power is at- 


Since Cohoe’s“ first report of a case of H. 
influenzal meningitis in an adult, we were 
able to find reports of twenty-nine addi- 
tional cases. The essential clinieal features 
of fifteen of the cases that were reported in 
sufficient detail have been tabulated (Table 
i) to indieate some of the characteristics of 
the disease in the adult. 

Although in children influenzal menin- 
gitis occurs with equal frequency in both 
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males and females, in adults thirteen of 
the patients were males. This sex difference 
is probably a fortuitous one due to the small 
series. In children influenzal meningitis has 
been regarded generally as a primary in- 
fection. In the group of adults four 
were secondary to a severe upper respira- 
tory infection such as acute tonsillitis or 
acute otitis media. One case occurred 
following a submucous resection and an 
etlimoidectomy. ® Two cases occurred after 
head injuries-’® and one followed a tooth 
extraction.® Only seven (46 per cent) of the 
cases were regarded as primary meningeal 
infections. In our case cultures of 
the sputum, blood and spinal fluid all 
yielded H. influenzae, type B. Apparently 
this is the first reported adult case in wlrich 
meningitis followed primary pneumonia 
due to this organism. 

In children influenzal meningitis has 
been attended by a case fatality rate of 
over 90 per cent. Since 1937, use of anti- 
influenzal serum, sulfonamides, penicillin 
and finally, streptomycin, singly and in 
combination, has reduced tliis to a low 
level. However, in the group of adult 
cases, among eight reported prior to 1940 
and the patients treated ^vitll a variety of 
non-specific measures, there was only one 
death. There were no deaths in seven other 
patients whose cases were reported since 
1940 who were treated with sulfonamides 
and serum. Neurologic complications due to 
residual damage to brain and cranial nerves 
were noted in only one patient® although 
these have been common among children 
who survived the infection. These findings 
suggest that the prognosis of the disease in 
adults is better than in children. 

The occurrence of the nephrotic sjm- 
drome complicated by H. influenzae pneu- 
monia and meningitis in an adult has not 
been previously recorded. It is well known 
that nephrotic subjects are very susceptible 
to bacterial infections due to pneumococci 
and streptococci which may prove fatal. 
In fact, when our patient was first seen 
with pneumonia, a pneumococcal or strep- 
tococcal infection was diagnosed because 


of the nephrotic background. Penicillin 
therapy was therefore instituted. The rela- 
tionship of the neplirotic syndrome to the 
onset of the infection is one of some interest 
since the former state may have impaired 
the immunologic defense of the patient. In 
the neplirotic syndrome hypoproteinemia 
is associated with a definite decrease in the 
antistreptolysin titer in children.’® Although 
wc have no evidence regarding the bac- 
tericidal power of the blood for influenza 
bacilli in adults with the nephrotic syn- 
drome, it is possible that this was reduced 
or absent as it is in infants. Consequently, 
the nephrotic state may have been an 
important factor favoring the onset of 
meningitis at an age when the disease is 
uncommon. 

SUMMARY 

1. A case of Hemophilus influenzae, 
type B, meningitis and pneumonia com- 
plicating tlie neplirotic syndrome is re- 
ported in a woman of forty-eight. 

2. The ovenvhelming infection responded 
promptly to use of intrathecal and intra- 
muscular streptomycin in the usual thera- 
peutic dosages. 

3. A reidew of the literature pertaining 
to H. influenzae meningitis in adults 
revealed features -which distinguish it from 
the disease as it occurs in infants and 
children. 
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Endocarditis Due to Hemophilus Influenzae* 

Frederick C. Goetz, m.d., and Edwin W. Peterson, m.d. 

Boston, Massachusetts 


B acterial endocarditis due to a gram- 
negative organism is relatively rare 
and involves therapeutic problems 
of considerable interest. Therefore, we are 
reporting two cases of Hemophilus in- 
fluenzae endocarditis, both resulting in 
recovery. One of these patients was cured 
by streptomycin and it is probable that the 
recovery of the other is attributable to 
streptomycin. 

CASE REPORTS 

Case i. (Fig. 1.) Mrs. E. B., (No. 558876) f 
a thirty-two year old housewife, entered the 
hospital on January 2, 1947, because of a 
nightly fever of t\vo months’ duration. At the 
age of five, twenty-seven years previously, she 
had had severe migrating polyarthritis, diag- 
nosed as rheumatic fever, which had left her 
with a “bad heart.” Her only symptom through 
the years, however, was slight dyspnea on 
exertion. 

About fifteen months before entry she began 
to lose weight and a few months later her 
appetite failed. She had lost about 40 pounds at 
the time of admission. Two months before entry 
she developed a fever of 102°f. and thereafter 
every evening ran a temperature between 99 
and 102°f. During the first febrile month she 
was given penicillin-in-oil injections daily for 
two weeks. During the second month she was 
given a second course of 2 injections daily 
for one week. This therapy had no effect 
on the fever and the patient finally sought 
hospitalization. 

Physical examination revealed a poorly 
nourished young woman with petechiae visible 
in the conjunctivae and on the palate. The 
chest was clear. The heart was not enlarged 
and exhibited a normal rhythm at a rate of 80. 
There was a systolic thrill over the aortic area 


and a diastolic thrill at the apex. Systolic and 
diastolic murmurs were audible at both the 
base and apex, consistent with mitral and aortic 
valvular disease. Blood pressure was 120/40-0. 
The spleen was palpable 1 cm. below the left 
costal margin and there was moderate clubbing 
of the fingers. 

Laboratory data revealed the following: The 
white blood count averaged 7,000 cells per cu. 
mm., the differential count being normal; hemo- 
globin remained at about 10 Gm. per cent; the 
sedimentation rate was 1.4 mm. per minute. 
Repeated urinalyses were negative. X-ray of 
the chest sho^ved some prominence of the left 
ventricle but was otherwise not remarkable. 
The electrocardiogram was normal. 

During the hospital course the patient ran an 
oscillating fever, the temperature usually being 
normal in the morning and as high as lOS.S^F. 
by late afternoon. After three weeks a definite 
bacteriologic diagnosis had not been made, 
despite venous blood cultures twice daily, an 
arterial blood culture and a sternal marro^v 
culture. Nevertheless, it was decided to start 
the patient on penicillin, one million units 
daily by constant intramuscular drip, as a 
therapeutic trial. During the eight days in 
which the ineffectuality of this treatment be- 
came apparent, an organism was recovered 
from the previous blood cultures and Identified 
as H. influenzae. It grew too slowly to allo\v 
determination of penicillin sensitivity but was 
inhibited by streptomycin in a concentration 
of 2 units (0.002 mg.) per cc. Consequently, 
penicillin was stopped and streptomycin ^v'as 
begun at a dosage of 0.4 Gm. every four hours, 
or 2.4 Gm. per day. Although the streptomycin 
serum level at this dosage Avas over 1 6 units per 
cc., there was not an immediate fall in tem- 
perature to normal and it was feared that the 
resistance of the organism to streptomycin ^vas 
rapidly increasing. The dose was therefore in- 
creased on the fourth day to 0.7 Gm. every 
four hours, or 4.2 Gm. per day. This gave a 
serum level of over 32 units per cc., but the 


t This case has previously been noted elsewhere as a 
progress report^ and was also briefly mentioned by Paul, 
Bland and White.- 


* From the Medical Services of the Massachusetts General Hospital, Boston, Mass. 
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temperature continued to swing as high as 
101°F. On the eighth day of streptomycin 
therapy the temperature reached 103°f. and the 
patient developed a generalized, pruritic, ery- 
thematous rash. Benadryl and, subsequendy, 
pyribenzamine were administered; with the 
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She is able to get along under most conditions, 
except when walking on an uneven surface in 
the dark. 

Comment. This case represents one of 
the earlier sueeessful attempts to eure 



Fig. 1 . Chart of the clinical course in Case i. Note the positive blood culture during penicillin treatment. 


latter there was prompt disappearance of the 
dermatitis and a fall in the temperature to a 
normal level. On the tenth day of streptomycin 
administration she first complained of slight 
dizziness and by the sixteenth day had de- 
veloped nausea, vomiting and true vertigo. 
As a consequence streptomycin was stopped on 
the seventeenth day of treatment, at which 
time the patient had been afebrile for five days. 
She remained afebrile for the following two 
weeks and was discharged from the hospital 
still suffering from marked vertigo. Although a 
blood culture during penicillin treatment had 
been positive, all cultures during and after 
streptomycin treatment were negative. 

At present, more than one year later, she is in 
good health ■without evidence of relapse or re- 
infection. She still has no lab>Tinthine function 
but has adapted herself quite \vell to this loss. 

AUGUST, 1949 


subacute bacterial endocarditis due to 
a gram-negative organism by means of 
streptomycin. Several problems presented 
themselves, first of which was the great 
difficulty in determining the nature of the 
infecting organism. The resulting delay, 
however, gave us an opportunity to ob- 
serve the inefficacy of penicillin in the 
dosage administered. 

Second, there was the problem of esti- 
mating the dosage of sti'eptomycin necessary 
to effect a cure \vhen the organism was 
known to be extremely sensitive in vitro. 
The ratlier large dose finally agreed upon 
reflected our fear that I'esistance to the drug 
might develop rapidly. 'i'N'e could not afford 
to lose the opportunity to cure this patient 
by erring on the side of inadequate dosage- 
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The third problem concerned the com- 
plications of streptomycin therapy — fever, 
dermatitis and labyrinthitis. It is of interest 
that although the febrile reaction and the 
skin rash promptly disappeared under 
treatment with antihistaminic drugs they 


entered the hospital on November 10, 1947, 
because of ten days of fever, chills, weakness 
and dizziness. 

At the age of four he had had an illness diag- 
nosed as rheumatic fever; there were recur- 
rences at eight and Us'elve. By the age of 



Fig. 2. Chart of the clinical course in Case n. Note the apparent response to the increased dosage of penicillin. 


had no effect whatever on the development 
and progression of labyrinthitis. Strepto- 
mycin was continued in the face of increas- 
ing vertigo, nausea and vomiting, with full 
knowledge that the labyrinths were being 
sacrificed in an effort to cure a uniformly 
fatal disease. In retrospect, it may well be 
argued that a similar cure could have been 
obtained by using a smaller dose of strepto- 
mycin, thereby greatly reducing the like- 
lihood of labyrinthitis. It is impossible to 
answer this question in any individual case 
but we believe the large dosage was entirely 
justified here. At any rate the loss of 
labyrinthine function has not seriously 
interfered with the patient’s normal 
aetivities. 

Case ii. (Fig. 2.) Mr. I. L. (No. 55578) w’as 
a twenty-five year old draughtsman who 


seventeen a moderately loud, apical systolic 
murmur and a faint aortic diastolic murmur 
had appeared. There were no further episodes 
of rheumatic fever and he led a sedentary life 
without symptoms. 

In August, 1947 he had an illness charac- 
terized by malaise, headache and moderately 
high fever. There \vere no localizing complaints. 
The symptoms subsided in about two w'eeks and 
W'ere attributed to “grippe.” In November, 
however, quite suddenly he began to have shak- 
ing chills, a fever to 103°f. by mouth, dizziness, 
weakness and occasional vomiting. He had 
noticed no skin rash or chest pain; there had 
been no preceding oral surgery. After ten days 
of these symptoms he entered the hospital. 

On admission he did not appear particularly 
ill, but his temperature was 103. 5°f. by rectum 
and his pulse w'as 120, ^vith a regular rhythm. 
Otherwise his condition did not differ ma- 
terially from that noted in the clinic in previous 
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years. There were an aortic diastolic murmur 
and a questionable mitral diastolic murmur. 
There was one questionable petechial hemor- 
rhage inside the lower lip; there was no clubbing 
of the fingers; the spleen was barely palpable. 

Laboratory data revealed the following: The 
white blood count was 20,000 cells per cu. mm., 
with 80 per cent neutrophiles, 7 per cent lym- 
phocytes, 12 per cent monocytes, and 1 per cent 
eosinophiles. The hemoglobin was 14 Gm. per 
cent. The urine showed a specific gravity as 
high as 1.026, no albumin and at most 3 to 5 
red blood cells per high power field in the spun 
sediment. A chest film and electrocardiogram 
were uithin normal limits. 

The temperature remained between 102 and 
104°f. by rectum. On the fifth hospital day, in 
the absence of a bacteriologic diagnosis but on 
strong suspicion of bacterial endocarditis, treat- 
ment was begun with one million units of peni- 
cillin per day by constant intramuscular drip 
in the anterior thigh. A level of at least 5 units 
of penicillin per cc. of serum was maintained. 
After six days of treatment the fever remained 
high and an alarming lethargy appeared. The 
hemoglobin had dropped from 14 to 11 Gm. per 
cent. The dosage of penicillin was increased to 
ten million units per day, bringing the serum 
level to at least 10 units per cc. There was a 
definite clinical response to the increased dosage 
within twelve hours. The temperature dropped 
from 104°f. to normal and there was a marked 
improvement in the patient’s alertness and 
sense of well being. 

At the same time, however^ it was learned that 
H. influenzae had been identified in all seven 
of the blood cultures taken since the patient’s 
admission; two of these had been drawn while 
penicillin was being given at the rate of one 
million units a day. The organism grew in 
rough, compact colonies and could not be typed 
with the existing antisera. In vitro it was inhibited 
by a streptomycin concentration of 1 unit 
(0.001 mg.) per cc. but grew in a penicillin 
concentration of 66 units per cc. As soon as the 
organism was known and before sensitivities 
were available streptomycin was added at the 
rate of 2 Gm. a day in divided intramuscular 
doses of 0.25 Gm. every three hours. The serum 
level of streptomycin, measured just before 
administration of one of these doses, was 32 units 
per cc., or at least thirty-t^vo times the level 
required to inhibit growth in vitro. Penicillin 
was discontinued for three days, but when the 
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temperature began to reach daily peaks of 
102°f. it was resumed. Although the organism 
was no\v known to be one generally considered 
insensitive to penicillin, the previous response 
to high penicillin dosage had seemed definite. 
Streptomycin was given for three weeks, at the 
rate of 2 Gm. a day for t^vo weeks and 1 Gm. a 
day for one week; a total of 33.25 Gm. was 
administered. Penicillin was given by constant 
drip for a total of twenty-five days, the total 
dose being 187,000,000 units. The temperature 
continued to rise to 102°f. daily while chemo- 
therapy was continued; it gradually fell to 
normal in the two weeks following cessation of 
treatment. There ^vas no other suggestion of 
drug sensitivity nor was there evidence of 
streptomycin toxicity by ordinary clinical 
standards. He was given several blood trans- 
fusions during the course of treatment. 

He continued to feel well, in general, but 
three episodes of pulmonary infarction com- 
plicated his recovery. The first occurred while 
he was receiving chemotherapy and while he 
was on complete bed rest because of the constant 
intramuscular drip in the anterior thigh. Pain 
and tenderness at the injection site were con- 
siderable although clinically there was no area 
of venous thrombosis. Because of the possible 
danger of subarachnoid hemorrhage, anti- 
coagulant therapy was avoided ^vhile the 
possibility of active endocarditis was present; 
venous ligation was not performed because of 
the difficulties likely to follow the intramuscular 
drip. The second episode occurred three weeks 
after the cessation of chemotherapy during 
which time the patient was ambulatory. It was 
promptly treated by bilateral superficial femoral 
vein ligation, only to be followed by a third 
large pulmonary infarct two weeks later. After 
three -weeks of anticoagulant therapy (heparin 
and dicumarol) he appeared perfectly well, an 
elevated sedimentation rate being the only 
abnormal finding. He was finally discharged 
from the hospital on January 30, 1948. 

At present, six months after chemotherapy 
was stopped, all evidence points to recover)' 
from bacterial endocarditis. All blood cultures 
have been negative since streptomycin was 
begun. The sedimentation rate, white blood 
count and temperature all remain normal. The 
patient has gained weight and is back at work. 
A slight aortic diastolic murmur is the only 
cardiac abnormality discernible. There have 
been no further episodes of pulmonar)' infarction. 
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Comment. It seems probable that strepto- 
mycin was- the agent responsible for the 
patient’s recovery. His critical condition 
demanded the continuation of penicillin as 
well as streptomycin. Tliis was unfortunate 
for the nicety of the clinical experiment but 
certain evidence suggests that penicillin did 
not contribute to Iris recovery; (1) There 
were several positive blood cultures after 
starting therapy with one million units of 
penicillin per day. (2) The in vitro resistance 
of the organism to penicillin was great (it 
was not inhibited by 66 units per cc.) and 
blood levels of penicillin actually obtained 
did not approach the level which this 
resistance would seem to require. 

On the other hand, there did appear to 
be a definite clinical response to the institu- 
tion of hea\q' penicillin dosage, and it was 
largely on the basis of this apparent 
response that penicillin was continued. It is 
quite possible that the apparent “response” 
was merely a coincidental variation in the 
underlying disease. No final conclusions 
can be drawn since streptomycin was 
started on the day following the increase in 
penicillin dosage. 

The recurrent pulmonary emboli were 
a serious complication although not one 
directly related to the problem of chemo- 
therapy. Their source remained uncertain. 
The heart itself was a possibility, although 
an unlikely one, since there was no evidence 
of a tricuspid or an interventricular septal 
lesion. There was also no definite evidence 
to incriminate the veins of the legs but 
statistically they were the most likely source 
of emboli. Some question must be raised 
as to the advisability of using the muscles 
of the legs to receive a constant intra- 
muscular infusion for long periods during 
which time bed rest is unavoidable. 

COMMENTS 

In addition to the present cases nine 
instances of recovery from bacterial endo- 
carditis due to gram-negative organisms 
have been reported. In three of these the 
responsible organism was an unclassified 
gram-negative bacillus; in the other six 


either H. influenzae or H. parainfluenzae 
was recovered. Streptomycin was used in 
the treatment of two of the Hemophilus 
patients, although in one of them® the role 
of streptomycin cannot be determined from 
the information furnished; in the other,' its 
role is unequivocal. In the first case 
presented herein recovery was undoubtedly 
due to streptomycin; in the second, strepto- 
mycin was probably responsible for recovery. 

Thus the evidence, although not great in 
bulk, indicates that streptomycin is highly 
effective in treating Hemophilus endo- 
carditis and is as effective here as in other 
infections due to these organisms. In fact, 
three of the four patient’s cases now reported 
(one noted by Hunter,® that of Massed et 
al.'^ and the present Case ii) recovered with 
a relatively moderate dosage of 2 Gm. per 
day. None of the three showed evidence of 
permanent eighth nerve injury. We were 
unable to find any reports of streptomycin 
failure in Hemophilus endocarditis. 

It is ^vorth remembering, however, that 
the sulfonamides and penicillin may at 
times be of use in H. influenzae infections. 
The possible effectiveness of penicillin was 
suggested in Case ii. Although penicillin 
was at first considered to have no effect on 
H. influenzae, there is now a considerable 
amount of evidence to show that some 
strains may be strikingly sensitive, both :n 
vitro and in meningeal infections.®'® In 
general, clinical success was associated with 
high in vitro sensitivity. 

It has been pointed out by Dienes, 
however, that most strains of H. influenzae 
which have apparently been inhibited by 
penicillin will eventually show growth after 
prolonged incubation even though con- 
centrations as high as 1,000 units per cc. 
have been used. Hence, penicillin sensi- 
tivity as ordinarily determined may be a 
guide only to the susceptibility of the less 
resistant organisms in a given strain. It is 
entirely possible that here and elsewhere 
penicillin and streptomycin may act syner- 
gistically. This sort of “chemotherapeutic 
crossfire” has already been suggested by 
Hunter. ® 
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SUMMARY 

1. Streptomycin is effective in the treat- 
ment of bacterial endocarditis due to 
Hemophilus influenzae. It was responsible 
for recovery in one of the cases presented 
and probably responsible in the other. 

2. Use of other chemotherapeutic agents, 
particularly penicillin, should not be over- 
looked in the treatment of Hemophilus 
infections. 

Acknowledgments: We would like to express 
our indebtedness to Dr. Edivard F. Bland, for 
guidance in the preparation of this report, and 
to Dr. Louis Dienes, in whose laboratory the 
organisms were identified and the sensitivities 
and serum levels determined. 
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Multiple Pulmonary Artery Aneurysms* 

Endarteritis of Ductus Arteriosus and Congenital Pulmonary Cysts 

Marvin Lillian, m.d. 

Boston^ Massachusetts 


T he rarity of pulmonary artery 
aneurysm was cogently presented 
in the survey by Deterling and 
Clagett^ which disclosed that eight cases 
of aneurysm were found in 109,571 nec- 
ropsies gathered from various clinics both 
abroad and in this country for the period 
1846 to 1946. Reports on congenital cysts 
of the lungs could not be found in American 
publications by Koontz- until 1925 when 
he reviewed foreign case reports and col- 
lected 108 cases, which aggregation also 
included allied conditions, such as diver- 
ticula of the trachea and bronchi, cysts of 
aberrant lung tissue, etc. 

Necropsy reports on penicillin-treated 
patients with bacterial endocarditis are still 
scant. Since an unusual alliance of condi- 
tions, viz., widely patent ductus arteriosus 
with superimposed vegetative endarteritis, 
saccular aneurysm of the pulmonary artery 
stem, mycotic aneurysms of the peripheral 
pulmonary arterial radicles and congenital 
cyst formation in the lungs has been en- 
countered in the same individual who in 
the latter part of her illness received in- 
tensive antibiotic therapy, the case is con- 
sidered to be of enough interest to warrant 
reporting in some detail. 

CASE REPORT 

A seventeen year old white schoolgirl was 
admitted to the Peter Bent Brigham Hospital 
for the first time because of increasing weakness 
and fever. 

The family history was without significance. 
The past history disclosed that the patient’s 
birth and development were apparently normal 
except for a cardiac murmur first noted at six 
months and characterized as having the sound 
of a “threshing machine.” There was no history 


of rheumatic fever, scarlet fever or cyanosis. 
The usual childhood illnesses were experienced 
without complications. 

Approximately seven months prior to admis- 
sion the patient had an appendectomy per- 
formed following an episode of acute abdominal 
pain. Following the operation the details of 
which are unknown, the patient continued to 
feel “run down” but without specific complaints. 
She thought she had lost some weight during 
the four to five months prior to entry. About 
six weeks before admission to this hospital the 
patient had an upper respiratory infection ac- 
companied by fever. Following treatment with 
sulfonamides, hematuria is alleged to have 
occurred; the medication was stopped. Because 
of persistent fever, the patient ^vas admitted to 
another hospital. It is reported that “gamma 
streptococci” were grown from her blood on 
several occasions. One urine specimen was 
grossly bloody. During this period she was 
treated with penicillin in doses of 75 to 100,000 
units every three hours; during the week before 
entry to this hospital she received 150,000 units 
of streptomycin every four hours. The fever did 
not subside and the patient had repeated 
episodes of what were considered to be pul- 
monary infarctions. The hemoglobin dropped 
to 40 per cent and rose only slightly with aid 
of a transfusion. She complained intermittently 
of pain between the shoulders and pain in the 
chest on inspiration. 

Physical examination revealed the following; 
temperature, 102°f., pulse, 120; respirations, 24 
and blood pressure 115/60. The patient was a 
poorly nourished, normally developed young 
white girl who appeared chronically ill and 
seemed to be in moderate distress. Her cheeks 
were flushed and there was slight labial cyanosis. 
There was slight facial asymmetry associated 
with torticollis. A single petechia was seen in 
the temporal field of each fundus. The heart 
was greatly enlarged to the left at both the 


From The Dept, of Pathology, Peter Bent Brigham Hospital, Boston, Mass. 
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apex and the base. Po was loud and snapping 
and of greater intensity than Ao. There was a 
grade iv continuous murmur heard over the 
pulmonic area and upper precordium and 
through to the back. A grade in apical systolic 
murmur and a snapping mitral first sound were 
heard. The apical rate was 132 and regular. 
The inferior border of liver dullness was found 
to be 3 fingerbreadths below the right costal 
margin although the inferior liver edge was not 
palpated. The tip of the spleen was palpated 
6 cm. belo^v the left costal margin and was 
tender. The lungs were clear except for fine 
basal rales bilaterally. No peripheral edema 
was present. Moderate arachnodactyly was 
noted. 

Laboratory data was as follows: A serologic 
test for syphilis (Hinton) was negative; the urine 
was concentrated to 1.033, there was persistent 
1 to 3 plus proteinuria and red and white cells 
as well as a few granular casts were seen in all 
sediments. The erythrocyte sedimentation rate 
was consistently elevated. The hematocrit varied 
between 29 and 32 rising terminally to 40. The 
white blood cell count varied from 11 to 15,000 
with a normal differential pattern. Routine 
blood chemistry values were within normal 
limits. Ten blood cultures and a sternal marrow 
culture yielded no growth. Nose and throat cul- 
tures revealed no significant flora. Blood peni- 
cillin levels varied between 5 to 20 units/cc. 
Electrocardiogram showed left axis deviation. 
Unipolar chest leads showed unusually high R 
waves in Vi and V2 and elevated S-T segments 
in V2 and V4. The tracings suggested that the 
apex of the heart was displaced to the left and 
posteriorly. The rate was 125, P-R interval 0.16, 
QRS duration 0.09 seconds. Chest films on 
admission showed marked enlargement of all 
borders and the left auricle and ventricle par- 
ticularly. Fluoroscopy showed a good, regular 
beat with pulsation of the hilar vessels. There 
was a marked degree of congestion. T^v'o subse- 
quent films showed increase in basal cloudiness 
with a trace of fluid at the right base. The 
venous pressure was 140 mm. of normal saline 
and the circulation time (magnesium sulfate) 
was 20 seconds. 

The patient’s fever persisted despite massive 
penicillin therapy started on the fifth hospital 
day. The dosage schedule was 4.8 million units 
which was increased to 9.6 million units from 
the eighth through the fourteenth hospital day 
and maintained at 4.8 million units from the 


nineteenth through the twenty-ninth hospital 
day. She was fully digitalized. A surgical con- 
sultant was of the opinion that the patient was 
not in adequate condition for surgical inter- 
ference. There was marked tachycardia and 
tachypnea. On the twelfth and fourteenth hospital 
days the patient had a series of brisk and copious 
hemoptyses associated with severe chest pain. 
She rallied fairly well from these episodes but 
the fever continued practically unabated. On 
the twenty-eighth hospital day she had gross 
hemoptysis again which recurred at frequent 
intervals, with the production of increasing 
quantities of blood. The patient expired on the 
thirtieth hospital day. 

Autopsy was performed eleven hours post- 
mortem; only the salient findings are described. 

The cadaver was that of a \vell developed but 
poorly nourished young white female who 
appeared slightly younger than her stated age 
(seventeen). There was marked pallor of the 
mucosal and cutaneous surfaces but no petechiae 
were found. Upon opening the chest, 1,250 cc. 
of clotted blood were found in the left hemi- 
thorax, which had originated from a pleural 
rent overlying the anterolateral aspect of the 
left lower lobe; there was no excessive fluid in 
the right hemithorax. 

There was 150 cc. of a slightly turbid, odor- 
less, light green fluid in the pericardial sac which 
was lined by a smooth lustrous pericardium. The 
heart weighed 550 Gm. and was uniformly en- 
larged but not dilated. There were two “soldier 
spots” in the anterior epicardium of the right 
ventricle. The valves were all normal except for 
two glistening, grey, 3 mm. papules on the 
atrial surface of the posterior mitral leaflet about 
2 mm. from the closure edge. 

Microscopically, numerous sections of the 
ventricles, atria and auricular appendages re- 
vealed no typical rheumatic stigmas. A few focal 
areas of myocardial fibrosis were seen usually 
in relation to the coronary radicles. The “soldier 
spots” were produced by focal areas of fibrous 
connective tissue which was slightly hyalinizcd 
and with little cellular infiltration. The papular 
lesion of the posterior mitral leaflet comprised a 
center of edematous connective tissue in which 
fibroblasts, capillaries and some neutrophiles 
were seen; the core was surrounded by some 
fibrin which, in turn, was cndothelializcd. 
Examination of the mitral valve lesions stained 
with a modified Gram’s stain failed to disclose 
any bacteria. 
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Fig. 1. Anterior aspect of heart with anterior half of 
pulmonary conus removed, a, clamp mark in fundus of 
saccular aneurysm; b, proximal margin of aneurysmal 
mouth showing abrupt loss of media (white); c, ductus 
arteriosus lumen; D, attachment site of ductal vegeta- 
tion; E, aorta, f, right auricle; G, intima of pulmonary 
conus. 

Approximately 5 cm. distal to the pulmonar>' 
valve ring there was a saccular aneurysm of the 
pulmonary trunk 0.8 cm. deep with a circular 
orifice having a diameter of 1.2 cm. (Fig. 1.) 
The intimal lining of the aneurysm was dull, 
red-grey and granular. In the area immediately 
proximal to the aneurysm the intima appeared 
pitted and reddened but with no evidence of 
frank ulceration. There was no evidence of 
media in the aneurysm and the surrounding 
adventitia was not unduly thickened. Approxi- 
mately 0.5 cm. distal to the aneurysm the open- 
ing of the ductus arteriosus was seen; the latter 
was short but vide xvith respective dimensions 
of 0.3 by 0.6 cm. — virtually a side-by-side 
anastomosis between the aorta and pulmonary 
trunk. The ductus inserted into the aorta about 
2.0 cm. distal to the origin of the left subclavian 
artery. An elongated, red-grey and granular 
vegetation was seen to arise at the pulmonary 
side of the ductus and e.xtend through it with 
the free end presenting in the lumen of the 
aorta; the vegetation measured 0.3 by 0.2 by 
0.6 cm. A similar vegetation, but smaller, was 
seen where the ductus inserted into the aorta. 
Neither vegetation was remarkably friable. 

Microscopically, a section including relatively 
normal pulmonary artery^ trunk and the area of 
transition into aneurysm revealed focal as well 



Fig. 2. Photomicrograph of pulmonary artery trunk 
immediately proximal to the saccular aneurysm show- 
ing the prototype of medial destruction. Weigert’s 
clastic tissue stain; X 18. 

as diffuse hyalinization of the media. There were 
focal collections of lymphocytes in the media and 
adventitia. Macrophages containing hemosiderin 
were present both in the intima and media. 
Sections stained for elastic tissue by \Veigert’s 
method revealed disruption and irregular dis- 
tribution of the elastic lamellae in the proximal 
pulmonary artery with complete absence of 
clastic fibers in the aneurysm. There ^vas no 
remarkable alteration of the adventitia or vasa 
vasorum. Sections of the pulmonary' artery 
proximal to the aneurysm which appeared 
grossly pitted and reddened disclosed miliary 
aneurysm formation, the histologic features of 
which were identical with those described pre- 
viously. (Fig. 2.) Sections through the origin 
of the ductus revealed marked intimal prolifera- 
tion and hyalinization of the pulmonary trunk 
proximal to the ductus; there was also disruption 
of the elastic lamellae as well as diminution in 
quantity. Lymphocytes vere seen in the media. 
As the ductus was reached the appearance of the 
latter approached that of normal aorta. The 
ductus vegetation was constituted by a mass of 
blood cellular debris which was invaded at its 
base by' fibroblasts and capillaries; the vegeta- 
tion was not endothelialized. No bacteria were 
seen. 

The most striking change was seen in the left 
lower lobe of the lung which ^vas densely hemor- 
rhagic, ^vith a torn pleural membrane on its 
anterolateral aspect. (Fig. 3.) Multiple parallel 
sections were made and these revealed most of 
the lobe to be occupied by a large multilocular 
cystic structure lined by a dull grey membranous 
tissue in ^vhich laminated blood clot ivas 
present. As the pulmonary hilus was approached 
it was possible to demonstrate a communication 
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Fig. 3. Anterior aspect of lung; left lower lobe is cut sagittally revealing cystic 
appearance of hemorrhagic infarct. Note pleural rent and thickening. 


between a radicle of the left lower pulmonary 
artery and the large hematoma. (Fig. 4.) The 
actual point of rupture could not be found in the 
face of the prodigious hemorrhagic infiltration. 
Communication of the hematoma with a com- 
parably-sized bronchial radicle could not be 
demonstrated. Similar vascular changes were 
not seen elsewhere; there was no grossly evident 
vascular sclerosis. Additional findings in the 
lungs were; a multilocular cyst in the left upper 
lobe containing a thin, opalescent fluid which 
did not communicate with the bronchial tree 
(Fig. 5); a unilocular cyst in the right lower 
lobe containing a small blood clot; a recent 
small infarct of the right middle lobe. 

Microscopically, the histologic picture was 
difficult to interpret because of the intense 
hemorrhagic infiltration. However, sections 
stained for elastic tissue by Weigert’s method 
helped to delineate the various architectural 
features. The lining of the cystic space in the left 
lower lobe was devoid of epithelium and con- 
stituted by a laminated fibrous connective tissue 
and intimately adherent to the adjacent blood 
clot \vhich ^vas invaded by fibroblasts and 
capillaries. Near the fibrous cyst wall there •was 
a small-sized artery ^vhich arrested attention by 
virtue of almost complete loss of internal elastic 
membrane and media ^v’ith eccentric dilatation 
of the vessel wall; the proliferated intima 
appeared to be apposed to the adventitia in 
much the same manner as was seen in the large 



Fig. 4. Sagittal surfaces of left lower lobe: the probe 
passes tlirough a left lower pulmonary' arterial radicle 
into the hemorrhagic infarct. 

saccular aneurysm. (Fig. 6.) The medium-sized 
arterial radicle seen in the gross specimen to 
communicate with the hematomatous c}'st could 
not be positively identified in the microscopic 
preparations. In addition to this vascular medial 
change a second deviation from the normal was 
that of an obliterative intimal proliferation; the 
latter change was found in all lobes. The multi- 
locular cyst of the left upper lobe was lined by a 
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Fig. 5. Multilocular cysts of left upper lobe. 


discontinuous epithelium; the epithelial cells 
were flattened and cuboidal with poor cellular 
outline and vaguely reminiscent of a syncytium. 
In close proximity to the cyst wall there were 
several cuboidal-cell lined spaces somewhat 
similar to tubo-alveolar ducts. The cyst in the 
right lower lobe was lined by a discontinuous 
columnar type epithelium resting on a lam- 
inated, fibrous tissue without a definitive mem- 
brane propria; the morphology was very similar 
to bronchial epithelium. Beneath the cyst wall 
there were several collapsed bronchiallike 
structures with cartilagenous plaques interposed. 
In addition the cyst wall was seen to contain 
hemosiderin-laden macrophages and a few focal 
collections of lymphocytes. There were many 
areas of fibrous scarring in other sections of the 
right lower lobe consistent with the appearance 
of old, healed pulmonary infarcts. 

The kidneys were striking by virtue of their 
extreme pallor and scattered cortical petechiae; 
there were no grossly recognizable infarcts. 

Microscopically, the dominant lesion was 
glomerular and consisted of focal to complete 
hyalinization of the capillary tuft. There was 
periglomerular hymphocytic infiltration with no 
evidence of an acute exudative reaction. 

The spleen weighed 280 Gm. and was not 
further remarkable; there were no infarcts 
grossly or microscopically. 

Cultures from the pleural spaces, pericardial 
cavity, heart blood and lungs yielded no growth. 
The ductal vegetation was removed Mth sterile 



Fig. 6. Photomicrograph of arterial lesion in left lower 
lobe; note intimal proliferation and loss of media wth 
eccentric dilatation. Weigert’s elastic tissue stain; X 20. 


precautions, ground in a mortar and incubated 
in appropriate media for two weeks Mth no 
growth observed. The mitral valve papules 
were smeared and the swabs incubated; no 
growth was obtained. 

Final anatomic diagnoses were: Hemothora.x, 
left; mycotic aneurysms of the peripheral pul- 
monary arterial radicles; ductus arteriosus tvith 
vegatative endarteritis; saccular (mycotic) an- 
eurysm of the pulmonary artery trunk; non- 
bacterial mitral valvulitis; pulmonary infarcts, 
recent and old, bilateral; congenital cysts of 
lungs; focal embolic glomerulonephritis. 

COMMENT 

Aneurysm Formation in the Pulmonary Vascular 
Tree. Brenner^ observed that saccular an- 
eurysm formation of the pulmonary artery 
stem and main branches was exceedingly 
rare, fusiform dilatation being much more 
common. He offered the following etiologic 
classification of pulmonary artery aneurysm 
formation: 1) Traumatic, rare. 2) Mycotic, 
aneurysm formation in association with 
infection of a congenital cardiac defect. 3) 
Congenital, associated with congenital 
cardiac defects which are not demon- 
strably infected but in which weakness of the 
arterial wall was probably due to congenital 
deficiency in elastic tissue. 4) Syphilitic, 
with typical mesarteritis and the demonstra- 
tion by Warthin^ of spirochetes in the rnedia. 
Excepting Warthin’s work, unequivocal 
demonstration of the pathogenesis of pnl- 
monary artery aneurysm is rarely if ever 
made. The Boyd and McGavack® survey of 
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139 cases of pulmonary artery aneurysm 
indicated syphilis to be a significant factor 
in only 31.7 per cent of the cases. Deterling 
and Clagett’ in a later review of thirty-six 
cases which they collected showed a com- 
parable incidence of 39 per cent. In the case 
herein presented there was no historical, 
clinical or laboratory evidence implicating 
luetic infection as an etiologic factor. 

With regard to the mechanism of mycotic 
aneurysm formation, Brenner has postu- 
lated these pathways: (1) spread by con- 
tinuity from infective endocarditis of the 
pulmonary valve; (2) invasion from without 
by spread from an infective process in the 
surrounding tissues; (3) invasion through 
the vasa vasorum; (4) infection reaching the 
pulmonary vessels from the lumen by 
means of an infected embolus or the direct 
implantation of infection in the intima 
without preceding embolism. The saecular 
aneurysm described earlier eannot be defi- 
nitely classed as mycotic or congenital 
exclusively; both factors may have been 
involved. The occurrence of a vegetative 
endarteritis in association with a ductus 
arteriosus suggests that the aneurysm re- 
sulted from the interplay of such factors as 
infection of the arterial wall and pressure of 
blood reflux through the ductus although 
congenital deficiency of elastic fibers cannot 
be ruled out. The morphology of the 
aneurysm with the abrupt change in dis- 
position of the elastic lamellae not associated 
with the bifurcation of a vessel is more 
strongly in favor of the acquired nature of 
the lesion. The proximity of the saccular 
aneurysm and the site of the ductal vegeta- 
tion indicates that infection by direct con- 
tiguity was the likely avenue of infection. 

The histologic identification of the periph- 
eral pulmonary arterial radicle which com- 
municated with the hematomatous cyst of 
the left lower lobe was not possible because 
of the situation of tlie lesion in a markedly 
hemorrhagic tissue. Yet demonstration of 
tlie medial disease in smaller-sized vessels 
in the immediate area of the larger artery 
which was histologically comparable to the 
saccular aneurysm of the pulmonary artery 
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stem inevitably directs to the conclusion 
that similar changes occurred in the larger 
radicle. 

Another factor which has been considered 
in the genesis of aneurysm formation in the 
pulmonary tree is that of atherosclerosis. 
Deterling and Clagett described the pres- 
ence of atherosclerosis in the right pul- 
monary artery (site of aneurysm) and 
microscopically in the arterioles of both 
lungs in their case. In view of Brenner’s 
finding of arteriosclerosis microscopically in 
the pulmonary vessels in 97 per cent of 
one hundred consecutive unselected autopsy 
cases (a group which included some chil- 
dren) the exact position of atherosclerosis 
in a cause-effect relationship with pul- 
monary artery aneurysm formation is some- 
what obscure.' 

The absence of any anatomic evidence of 
pulmonary tuberculosis serves to exclude the 
possibility of a Rasmussen aneurysm — 
aneurysm in the wall of a tuberculous 
cavity and an important cause of the brisk 
hemoptysis seen in clinical pulmonary 
tuberculosis. 

Cyst Formation in the Lungs. The multiple 
pulmonary cysts encountered in the case 
reported which were found to be lined by 
a variegated epithelium or none at all in the 
absence of demonstrable bronchial disease 
or other parenchymal affection (excepting 
infarct) hints very strongly to tlieir con- 
genital nature. To be sure the determination 
of the nature of a pulmonary cyst in the 
adult is almost never definitive, as Koontz 
pointed out. The difficulties are such that 
the validity of the concept of congenital 
cystic formation in the lungs has been 
questioned by some; certainly there is far 
from unanimity of opinion regarding the 
etiologic factors in certain pulmonary cystic 
structures. Be that as it may, the process 
appears to occur more frequently than was 
considered at tlie time Koontz published his 
report on congenital cysts of the lungs. Thus, 
in the decade following Koontz’ paper, King 
and Harris® collected 152 cases of cystic 
formation in tlie lungs. Additional papers 
on this subject have been published by 
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Schenck/ Smith,® Stanford and Nalle® and 
Ruschin. 

Cysts of the lungs of established etiology, 
e.g., hydatid, dermoid, bronchiectatic, etc., 
should not be confused with the congenital 
variety. Koontz cited the following terms 
used synonymously: fetal bronchiectasis, 
congenital cystic formation of the lungs, 
atelectatic bronchiectasis, congenital bron- 
chiectasis, honeycomb lungs, etc.; he con- 
cluded from the foregoing that the varied 
nomenclature depended on the pathogenetic 
interpretations of the various investigators. 
King and Harris believed that the condition 
resulted from an anomaly which interrupts 
the canalization of a ramification of the 
embryonic bronchial radicle leading to 
obstruction of the distal portion of the pul- 
monary buds which develop more com- 
pletely. There being no bronchial outlet the 
accumulated secretions then distend the 
space they are formed in which results in 
encroachment and compression of the sur- 
rounding pulmonary tissue. Norris and 
Tyson^^ studied polycystic disease in two 
infants by means of numerous serial sections 
and compared them with polycystic disease 
of the kidney, liver and pancreas; they con- 
cluded that “ . . . polycystic disease is a 
pathologic manifestation of normal fetal 
resorption and degeneration.” 

The cyst wall is constituted of an epi- 
thelial layer made up of columnar cells with 
or without cilia, cuboidal cells, flattened 
cells or no epithelium at all with bare con- 
nective tissue forming the lining. Koontz 
believed that the lack of pigment in the 
congenital lesions indicates that the affected 
part had never functioned and that there- 
fore the pathologic condition antedated 
birth. Ruschin pointed out that the occur- 
rence of pulmonary cysts in the stillborn and 
newborn as proved by autopsy is probably 
the strongest evidence in favor of the con- 
genital nature of this disorder. 

Thus, in the absence of any demonstrable 
cause for the acquired nature of the pul- 
monary cysts in this case, their congenital 
origin is implied. 

Effects off Penicillin on the Course of Bacterial 


Endocarditis. The finding of a sterile vege- 
tation which appeared to be well organized 
and the absence of an exudative reaction 
in the vascular lesions (including the 
glomeruli) is in accord with the observations 
of recent investigators, Geiger and Dur- 
lacher^^ and Moore. This writer agrees 
with Geiger and Durlacher who believ'e 
that the infectious component of bacterial 
endocarditis is eradicable with penicillin. 

The reconstruction of events as they 
occurred in the case reported herein appears 
to be as follows: Vegetative endarteritis 
developed at the mouth of the ductus 
arteriosus in the wake of the episode of acute 
appendicitis which was treated by appen- 
dectomy. This lesion served as the nidus for 
the subsequent dissemination of infectious 
emboli and bacteria which ultimately 
caused the vascular disease manifested by 
aneurysm formation, pulmonary infarctions 
and focal embolic glomerulonephritis. That 
the infectious process was eventually con- 
trolled — but too late — by intensive anti- 
biotic therapy is suggested by the absence 
of acute inflammatory and minimal pres- 
ence of chronic inflammatory reaction in the 
vascular lesions, the lack of exudative reac- 
tion in the kidneys, the sterility of the ductal 
vegetation and the absence of bacteria in 
histologic preparations of the latter. Ordi- 
narily pulmonary infarcts do not rupture 
through the visceral pleural membrane; 
however, such a development did occur m 
this patient and caused fatal hemothorax. 
The occurrence of pulmonary cysts in the 
right lower and left upper lobes suggests 
that similar cysts in the left lower lobe con- 
fronted with the mass of an expanding 
hematoma caused by a mycotic aneurysm 
could not maintain their integrity and 
ruptured, the sanguineous homologue of 
spontaneous pneumothorax resulting from 
the rupture of a subpleural bulla. 

SUMMARY 

A case is described in which multiple 
mycotic pulmonary artery aneurysms 
found in association with vegetative end- 
arteritis of a widely patent ductus arteriosus, 
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there were concomitant congenital pul- 
monary cysts. Death resulted from rupture 
of a peripheral pulmonary arterial branch 
producing a large hemothorax. 

In view of the massive penicillin therapy 
administered to the patient the histopatho- 
logic appearance of the vascular and 
visceral lesions suggests that the infectious 
element of bacterial endocarditis was eradi- 
cable by use of appropriate antiobiotics. 

An interpretation of the clinicopathologic 
sequence of events is offered. 

Acknowledgment: The writer wishes to acknowl- 
edge the criticism and counsel given by Dr. 
Alan R. Moritz, Pathologist-in-Ghief to the 
Peter Bent Brigham Hospital, in the prepara- 
tion of this report. 
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Relapsing Febrile Non-suppurative 

Panniculitis* 

(^Weber -Christian Disease) 

Samuel H. Rubin, M.D.f and John H. Bland, m.d.J 
Asbury Park, New Jersey Burlington, Vermont 


D espite the fact that Weber-Christian 
disease is considered rare, we have 
seen two cases within a period of 
two months. In this paper we will discuss 
the pathologic and clinical findings in these 
patients. Treatment will be described and 
an attempt will be made to evaluate an 
apparent etiology. 

Since the first report of this pathologic 
entity was made in 1892 by Pfeifer,' ap- 
proximately thirty-one cases have been 
cited. A complete review of the cases to 
1943 was made by Miller and Kritzler.^ 
This article is significant, too, in that it 
reports the first autopsy of a patient with 
acute lesions of Weber-Christian disease. 
The autopsy findings revealed focal necrosis 
and fatty changes in the liver, hydropic 
degeneration of adrenal cortex cells and 
large- numbers of red cells in the fixed 
members of the reticuloendothelial system. 
Possible etiologies of the disease were con- 
sidered as follows: (1) iodides and bro- 
mides; (2) foci of infection; (3) avitaminosis. 
However, the authors believe that because 
sulfonamide compounds failed to affect the 
disease, its infectious origin is doubtful. 

The second autopsy findings reported by 
Spain and Foley® showed fatty changes in 
the viscera. Necrotic areas in the mesenteric, 
omental and pretracheal fat were noted, as 
well as necrotic areas in the subcutaneous 
fat. In this case the patient developed 
nodules after having been hospitalized for 


uremia of which he subsequently died. 
Examination of the kidneys disclosed end 
stages of chronic glomerulonephritis. 

Various methods of treatment have been 
suggested for this disease. Arnold^ used 
sulfadiazine and sulfathiazole without re- 
sults in a patient who showed severe vascu- 
lar damage in the nodules. However, he 
found that the patient responded to sulfa- 
pyridine. On five occasions sulfapyridine 
was withheld and relapses followed. During 
each relapse this patient had an elevation 
of the sedimentation rate. Each time the 
drug was resumed remission ensued within 
twenty-four hours. 

Zee’s® patient with leukopenia was treated 
with sulfadiazine without apparent affect. 
He tried penicillin and his report is the first 
one of panniculitis treated with this drug. A 
total ef 2,360,000 units was given. After 
three and one-half months following cessa- 
tion of the treatment there was no recur- 
rence of lesions or symptoms. 

The case of the most marked leukopenia 
was described by Friedman.® He found no 
elevation in the sedimentation rate. His 
patient had panniculitis for five years pre- 
vious to her death; she died of staphylococcic 
septicopyemia after removing a crusted 
“keratosis” with a razor. 

One patient with Weber-Christian disease 
whose case was reviewed by Larkin et al.' 
recovered spontaneously after six months. 
However, the case in the literature which 
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showed the most generalized involvement 
proved fatal to the patient. This case was 
reported by Mostofi and Engleman.® Al- 
though the patient in this instance had a 
normal sedimentation rate and negative 
blood cultures, recurrent fever was present 
over a period of seven months, during the 
last two months of which the cutaneous 
lesions had appeared. The patient received 
sulfadiazine and penicillin without effect. 

Following are the reports of two cases; 
one of the patients was treated with peni- 
cillin and streptomycin. As far as we know 
this is the first patient with panniculitis 
treated with streptomycin. 

CASE REPORTS 

Case i. The patient was a thirty-two year 
old, white housewife who came to the female 
medicine clinic complaining of outbreaks of 
subcutaneous nodules over a two and one-half- 
year period. Her family history revealed that 
her mother died of a pulmonary embolism 
three months after childbirth. The patient’s 
father has rheumatism, heart trouble and had 
profuse bleeding at the time of extraction of 
his teeth. One sister was a blue baby who died 
soon after birth; one aunt died of pulmonary 
tuberculosis. One sister and two brothers are 
living and well. The previous personal history 
showed that the patient had the usual child- 
hood diseases and frequent epistaxis, the last 
episode occurring at the age of twenty-one. 
c5nset of the menarche was at eleven years of 
age and the periods have been normal. A 
history of chronic constipation was noted for 
which the patient took various laxatives and 
mineral oil. In 1944, for a period of one year, 
she took approximately two tablets of alka- 
seltzer every two or three days because of a 
“sour stomach” after eating. 

Previous nodules and blisters were described 
by the patient. Since 1935 she noticed that she 
bruised easily and occasionally a nodule formed 
in an ecchymotic area. In 1943, while working 
in a plant dehydrating carrots and occasionally 
cabbage, she had an attack of “itching water 
blisters” on her legs, abdomen, hips and arms. 
A physician at that time diagnosed the com- 
plaint as “carrot poison.” 

This patient’s present illness began two and 
one-half years ago with outbreaks of subcu- 
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taneous nodules which were painful. The over- 
lying skin was red. Since the onset, the patient 
has never been free of some nodules, each 
persisting about four to five days. However, a 
few larger ones persisted for about t^vo to three 
weeks before disappearing and these left a tan 
tint to the skin for a few months. No pattern of 
distribution was found by the patient as nodules 
appeared practically all over her body. 

No chills accompanied the nodules although 
at times the patient felt Avarm. Nevertheless, she 
did not take her temperature until instructed 
to do so at the clinic. She then discovered that 
she had a low grade fever on several occasions. 
This was two and one-half weeks before her 
hospital admission. 

Physical examination was essentially nega- 
tive except for mild obesity and a few scattered 
subcutaneous nodules over the loAver extremi- 
ties. These nodules were firm, moderately 
tender, and about 2 to 3 cm. in diameter. The 
nodules were not attached to the overlying 
skin which was slightly red. No pattern of dis- 
tribution was seen. 

Initial laboratory studies revealed an erythro- 
cyte count of 3,500,000; hemoglobin was 13 Gm. 
and there was a leukocyte count of 7,400, with 
72 neutrophil and 28 lymphocytes. Sedimenta- 
tion rate was 3 mm. in one hour (Wintrobe). 
Blood Kahn was negative; blood culture 
showed no groAvth after one Aveek and the 
urine Avas normal. 

A biopsy of a nodule of the left leg Avas taken 
and sent to the Fifteenth Histopathologic Center, 
Brooke General Hospital. The specimen Avas 
diagnosed as an acute non-suppurative pannic- 
ulitis. The description of the microscopic 
section Avas as folloAvs: “The specimen consists 
of fatty tissue, Avhich is infiltrated Avith large 
numbers of neutrophiles and a feAV eosinophilcs. 
There is likeAvise considerable hemorrhage and 
the blood vessels in the fat are engorged. In one 
region there is a large collection of neutrophiles 
and red blood cells resembling a micro-abscess." 
The biopsy Avound failed to heal for about tAvo 
and one-half Aveeks. No apparent infection Avas 
visible. (Fig. 1.) 

Then a second biopsy Avas made of a nodule 
of the left leg and the specimen sent to Brooke 
General Flospital. The diagnosis again Avas acute 
non-suppurative panniculitis. “The pathological 
picture in this case is essentially similar to that 
described in the previous biopsy. The clinical 
histor\' and pathological findings in this case 
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Fig. 1 . Photomicrograph of section from nodule of left 
leg of Case i showing fatty tissue with large number of 
neutrophils. 


are thought to be consistent with a diagnosis of 
Weber- Christian disease. In this case, however, 
the acute inflammatory elements are much 
greater than in those reported in the literature.” 
This second biopsy wound took about three 
weeks to heal, during which time there was a 
thin, yellow, apparently non-purulent drainage. 

On August 27, 1947, the patient was admitted 
to Camp Hood Station Hospital for treatment 
with penicillin, as suggested in a previous favor- 
able report.® On August 28th, 30,000 units of 
penicillin were started intramuscularly every 
three hours. The temperature became normal 
soon after the start of the drug. The nodules 
became fewer in number and lasted about one 
day whereas they had previously lasted four to 
five days. Dental and ear, nose and throat 
examinations at this time failed to reveal any 
focus of infection. An electrocardiogram was 
within normal limits. A barium enema was 
negative of results. The basal metabolic rate 
^vas plus 1 and the blood cholesterol was 287 mg. 
per cent. On September 17th penicillin was 
discontinued after the patient had received 
4,600,000 units over a period of eighteen days. 
Attention is called to the fact that this is twice 
the amount given by Zee. It was believed that 
in our patients there was marked improvement 
but not a complete cure. 

Because the patient \vas not entirely cured, on 
September 17th, 0.5 Gm. of streptomycin was 
given intramuscularly eveiy' three hours. On 
September 19th the temperature went up to 
100.4°f. (oral) and on September 20th to 
101.6°f. (oral). The same day an indurated area 
was noticed on the right upper arm at the 


site of a previous streptomycin injection. After 
this the patient began having aching pains in 
her elbows, hips and knees although no swelling 
of the joints was visible. On September 21st 
streptomycin was discontinued due to toxic 
reactions and the patient received benadiy’l 
instead. The patient continued to have a tem- 
perature up to 101°F. (oral) daily until the 24th, 
and then the temperature dropped to normal. 
Between the end of streptomycin injections and 
the return to normal of the patient’s temperature 
(a period of three days) the patient developed 
nodules on the buttocks where she had received 
the streptomycin. These nodules appeared 
larger and more tender than any previous ones. 
Examination of two blood cultures was nega- 
tive. The patient’s white blood count went up 
to 17,600 and 19,000, respectively, with a shift 
to the left during elevation of temperature. 

On September 30th, six days after the tem- 
perature was normal, 0.25 Gm. of streptomycin 
was started again and was given intramuscu- 
larly every three hours. On October 2nd the 
patient began having aching pains in both 
knees. On October 3rd she developed an area 
of anesthesia over the anterior surface of the 
left thigh, 5 cm. by 3 cm. The drug was dis- 
continued again because of toxic reactions, 
after the patient had received 23 Gm. in toto. 
On October 4th she developed mild tinnitus. 

The patient continued to get an occasional 
small subcutaneous nodule on one of the ex- 
tremities. Her temperature went up to 99.8 F. 
(oral) on the 6th and to 100.2°f. (oral) on 
October 7th; there were chills. The temperature 
then returned to normal. This time the patient 
developed many large tender indurated masses 
on her thiglis where she had received strepto- 
mycin. On October 1 3th one of the masses felt 
cystic and it was aspirated. Purulent material, 
over rvhich a layer of fatty material floated, was 
found. Follotving aspiration the patient decided 
to return to her home in the northwest and she 
will be followed subsequently in the medical 
clinic. 

C.-tSE II. The patient rvas a twenty-eight 
year old white woman who considered herself 
to be in good health until 1939 when she first 
noted the occurrence of red areas on the anterior 
aspects of both legs. These lesions were acutely 
tender, they varied in size from 3 to 4 mm. to a 
or 6 cm. in diameter and were noted to disap- 
pear in two to three rveeks rvith concomitant 
occurrence of nerv lesions. There have been as 
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many as fifty or sixty lesions at the same time 
and as few as three or four. The nodules were 
subcutaneous and not fixed to the skin. There 
was no scarring' or depression of the skin mani- 
fested clinically when the lesions disappeared. 
The first episode lasted approximately four 
months and the patient spontaneously became 
asymptomatic. Since that time, the patient has 
had five such episodes lasting three to four 
months, each of which has occurred about every 
two to three years. The patient believes that 
she has had fever with each appearance of the 
nodules and frequently in the intervals between 
these episodes. 

Since 1943, the patient has had recurrent 
episodes of joint pain which are limited to the 
hip, knee and ankle joints. The pain is sudden 
in onset and is not accompanied by swelling 
or redness although there is tenderness in the 
involved joints. The pain is migratory and 
ceases as promptly as it appears. It has lasted 
from a fe^v hours to twenty-five or thirty days. 
This symptom has occurred both independently 
and in association with the subcutaneous 
nodules. A diagnosis of rheumatic fever was 
made in another hospital in July, 1946. At this 
time the patient had a severe attack charac- 
terized by fifty to sixty acutely tender, inflamed, 
subcutaneous nodules limited to the lower 
extremities. A biopsy was not made at this time. 

The past medical history disclosed that the 
patient has had severe, recurrent sore throats 
all her life, characterized by fever, dysphagia, 
generalized aching, malaise and slow con- 
valescence. She complained of dyspnea on 
mild exertion since 1942. There was rather 
marked fatigue and slowly progressive asthenia. 
No familial or environmental factors were 
elicited. The patient has had two normal, un- 
eventful pregnancies. 

The patient was a well developed, well 
nourished white female. The thyroid gland was 
moderately and diffusely enlarged. The ocular 
fundi were normal. Her lung fields were 
clinically normal. ■ Examination of the heart 
disclosed a short, high-pitched systolic murmur 
in the fourth interspace to the left of the sternum. 
The second pulmonary sound was of greater 
intensity than the aortic. There were several 
red, tender areas about both knees. These were 
subcutaneous nodules not fixed to the skin, 
and they varied in size from 3 mm. to 3 cm. 
in diameter. The peripheral pulses were nor- 
mal. The temperature was 99.4“f. (oral). 
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Blood count revealed 4,300,000 erythrocytes; 
13.0 Gm. hemoglobin; 7,650 leukocytes ^vith 
56 per cent polymorphonuclear cells and 44 per 
cent lymphocytes. Repeated counts were essen- 
tially the same and the blood Kahn was nega- 
tive. Ail urinalyses were normal. Blood 
chemistry studies, including a blood urea 
nitrogen, fasting blood sugar, serum cholesterol 
and total serum proteins, were normal. The 
sedimentation rate varied from 9 mm. to 
18 mm. (Wintrobe). Examination of two blood 
cultures was negative. Basal metabolic rate was 
plus 5. X-ray films of the chest, knees and ankles 
were interpreted as normal. 

Serial electrocardiograms recorded during 
severe tonsillitis and pharyngitis have demon- 
strated a P-R interval of .22 seconds, flat To 
and inverted Ts and T 4 , with a deviation of the 
electrical axis to the left and low voltage Q,RS 
complexes. The tracings have been interpreted 
as representing the lowest grade of atrioventric- 
ular block and evidence of an existing myo- 
carditis secondary to the tonsillitis. One month 
later the P-R interval was .18 seconds but low 
QRS complexes persisted. The patient re- 
ceived a total of 1,620,000 units of penicillin 
intramuscularly, using 30,000 units at three- 
hourly intervals as treatment for the tonsillitis. 
Streptococci were not found in repeated throat 
cultures. 

Biopsies were obtained of one small nodule 
of one week’s duration and of another that 
had been present for two months. Micro- 
scopically, the first specimen “consists of a 
fibrous and adipose tissue, in one region of 
which are a considerable number of macro- 
phages with a pale-staining, foamy cytoplasm. 
In addition, there are considerable numbers of 
lymphocytes and a few eosinophiles and plasma 
cells. These appear to be in greatest concentra- 
tion along the fibrous septae of the fat. In one 
of the fibrous septa a small blood vessel is cut 
in lonEUtudinal section, and a considerable 
number of inflammatory cells are around this, 
also.” The second specimen “consists of a 
fibrous and adipose tissue, in which there is a 
much greater degree of fat necrosis and in- 
flammatory cell involvement than in the previ- 
ous section. Many giant cells arc seen, with 
peripherally-placed nuclei, hlany macrophages 
Mth a pale, foamy cytoplasm arc seen, and in 
addition, there are large numbers of lympho- 
cytes and lesser numbers of eosinophiles and 
plasma cells.” (Fig. 2.) 
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Fig. 2. Photomicrograph of section from nodule of ieg 
of Case II showing a considerable number of macro- 
phages, lymphocytes and a few eosinophiles and plasma 
cells. 

The present episode is of three months’ dura- 
tion and the patient has continued to have 
three to five nodules continuously, with new 
lesions appearing as the older ones disappear. 
The patient has refused any further therapy 
but is seen periodically in the medical clinic. 

COMMENTS AND CONCLUSIONS 

The cases herein described conform, we 
believe, to the clinical and histologic criteria 
ascribed to Weber-Christian disease. From 
our study of this disease in our patients and 
in the literature we believe we are justified 
in drawing the following conclusions: 

The first conclusion concerns the etiology 
of this disease. In the literature causes have 
been postulated as follows: (1) iodides and 
bromides; (2) foci of infection; (3) avita- 
minosis; (4) disturbance of fat metabolism; 
(5) undetermined specific infectious process 
and (6) bacterial allergy. Our cases seem to 
fall into the category of infectious process of 


undetermined origin. Support of this eti- 
ology is shown by the apparent response of 
Case I to penicillin. This drug effected a 
return to normal temperature and a de- 
crease in the number and size of the nodules. 
The fact that Case ii failed to show a re- 
sponse can probably be attributed to the 
small dosage of the drug given and to the 
patient’s refusal of further treatment. 

Second, we believe that the dosage of 
streptomycin was probably sufficient to 
prove that it was non-effective. As was 
described, this drug caused no changes in 
the nodules. 

Third, we conclude that this disease may 
become generalized, occurring wherever 
fatty tissue is present. Support of this con- 
clusion is found in the autopsy reports 
of Spain and Foley^ and Mostofi and 
Engleman.® 
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Editorial 

Disinfection of the Air with Triethylene 

Glycol Vapor 


T he present premature large-scale 
commercialization of glycol vapors 
for prevention of acute respiratory 
disease, together with the accompanying 
propagation of much misinformation con- 
cerning the use and effects of this form of 
aerial disinfection, make it seem particu- 
larly appropriate to review our knowledge 
of the field. Furthermore, in the two and 
one-half years intervening since a previous 
summary of this subject,^ considerable new 
information has been acquired. 

Among the many chemical compounds 
which have been tested as vapors or mists 
for their lethal action on air-borne infecti- 
ous particles triethylene glycol still remains 
the agent of choice for use in environments 
occupied by human beings. Germicidal 
concentrations of this vapor are odorless, 
tasteless, non-irritating, non-toxic, invisible 
and have no deleterious effect on walls, 
fabrics, books or other objects in the treated 
space. The presence of as little as 1 cc. of 
vaporized triethylene glycol in several 
hundred million cc. of air is, under labora- 
tory conditions, highly lethal for the com- 
mon respiratory bacteria, pathogenic and 
non-pathogenic, as well as for the viruses 
of influenza,^ psittacosis and meningopneu- 
monitis.^ Other bacteria including Bacillus 

* Robertson, O. H. New methods for the control of 
air-borne infection with especial reference to the use of 
triethylene qlycol vapor. JViscortsin Af. J-, 46: 311-317. 
1947. 

-Rosebury, T., Meiklejohn, G., Kingsl.\nd, L. C. 
and Boldt, M. H. Disinfection of clouds of mcningo- 


coli and subtilis (vegetative form), a number 
of common non-pathogens of the air and 
certain molds appear to be susceptible to 
the action of the vapor,* No reports have 
been made of such studies on air-borne 
tubercle bacilli. Naturally occurring dust- 
borne bacteria have been found to be much 
more resistant to the killing action of the 
vapor than are those experimentally dis- 
bersed into the air. 

The recent development of certain quan- 
titative technics for study of this subject has 
made possible much more precise experi- 
mentation, the results of which amplify 
previous knowledge of the activity of tri- 
ethylene glycol vapor and provide new 
interpretations. First, fundamental to a 
more exact understanding of its germicidal 
effects was determination of the amounts of 
glycol vapor which could e.xist in the air at 
varying humidities and temperatures. By 
means of a suitable method devised for this 
particular purpose'^ curves were constructed 
indicating the saturation concentrations of 
triethylene glycol under conditions of rela- 
tive humidity from 0 to 90 per cent and at 
temperatures from 20°c. to 29°c. It was 
found that increasing humidity resulted in 

pneiimoniti.s and psittacosis viruses with trietliylene 
wlycol vapor. J. Exper. Aled., 85: 65-76, 1947. 

*Bigg, E. and Mellodv, M. Fungicidal action of 
trittthylcnc glycol. J. Injtci. Dis., 79; 45-56, 1946. 

* Puck, T. T. and Wise, H. .Studies on vapor liquid 
equilibria, i. A new dynamic method for the determina- 
tion of vapor pressure of liquids, ^hvs. Chm.. 50: 329- 
339, 1946. 


293 


Editorial 


294 

a progressive although not straightline 
diminution in quantity of glycol vapor re- 
quired to saturate the air. Raising the tem- 
perature was found to increase the capacity 
of the air to hold glycol.® With these data 
available chemical analyses of glycol-con- 
taining air could then be interpreted in 
relation to per cent saturation — a figure 
which has been found to be much more 
significant in respect to bactericidal effect 
than was the absolute quantity of glycol in 
the atmosphere. 

Another important advance was the 
further development of the glycostat, or 
glycometer, an instrument for measuring 
and controlling the concentration of tri- 
ethylene glycol vapor in the air.® This in- 
strument is extremely sensitive, being capa- 
ble of detecting as little as 1 microgram of 
glycol /L. of air under ordinary conditions 
of humidity and temperature and responds 
rapidly to changes in concentration of 
vapor. By means of attachment to a record- 
ing device the glycometer provides a con- 
tinuous record of the concentration of glycol 
in the atmosphere in terms of per cent satu- 
ration. It can be used also to control the 
output of the glycol vaporizer. Unfortu- 
nately this apparatus is not yet commercially 
available. 

Employing the glycostat in specially con- 
structed experimental rooms in which at- 
mospheres could be maintained at any 
desired temperature and relative humidity, 
a large series of observations has been made 
on the bactericidal and virucidal action of 
varying concentrations of glycol vapor 
under a wide range of environmental con- 
ditions. Optimum conditions for the rapid 
action of the glycol vapor at ordinary room 
temperatures were found to be relative 
humidities of 15 to 40 per cent and vapor 
saturations of 40 to 100 per cent. In such 
atmospheres freshly atomized bacteria were 

* Wise, H. and Puck, T. T. The saturation concentra- 
tions of triethylene glycol vapor at various relative 
humidities and temperatures. Science, 105: 556-557, 
1947. 

® Puck, T. T. An automatic desvpoint meter for the 
determination of condensible vapors. Rev. Scient. Instru- 
menls, 19: 16-23, 1948. 


killed in two to three minutes; 80 per cent or 
more of them were destroyed in the first 
minute. At high relative humidities (60 to 
80 per cent) the rate of action was much 
reduced but still appreciable. Likewise, at 
very low humidities (5 to 1 0 per cent) killing 
was somewhat retarded. The more nearly 
the concentration of the glycol vapor in the 
air approached the saturation value the 
more rapid the kill. However, the increase 
in effectiveness at levels about 70 per cent 
was slight.^ 

Observations of an analogous nature on 
influenza virus in which white mice were 
exposed to atmospheres containing freshly 
atomized virus and glycol vapors showed 
that the presence of the glycol in the air at 
saturations of 70 to 90 per cent afforded 
the mice complete protection against lethal 
concentrations of the virus. Protection was 
optimum at relative humidities of 15 to 40 
or 50 per cent, as was the case with bac- 
tericidal activity of the glycol. However, at 
high humidities, 70 to 80 per cent, the 
glycol had relatively little effect as most of 
the test mice died even when the air was 
saturated or supersaturated with triethylene 
glycol. Under optimum conditions of humid- 
ity and glycol saturation the virucidal 
action of the vapor was found to be very 
rapid.® 

Studies with dried bacteria in the form 
of droplet nuclei or as a fine dust made from 
desiccated saliva suspensions have shown 
them to be about as susceptible to the lethal 
action of triethylene glycol vapor as arc 
freshly atomized suspensions. The impor- 
tance of this finding lies in the fact that most 
pathogenic bacteria present in an infected 
atmosphere are probably in the dried 
state.® 

These more recent observations bring 
out the fact that, in adequate concentra- 
tions, triethylene glycol vapor is effective 
over a wider range of relative humidities 


■ Lekter, W., Robertson, O. H., Puck, T. T., Wise 
H. and S.mith, M. The rate of bactericidal action 
triethylene glycol vapor on microorganisms 
to the air in small droplets. Am. J. H)g., to be pubhs c • 
* Robertson, O. H., Lester, W. and Dunklin, 
Unpublished e.xperiments. 
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than was formerly thought to be the case. * 
It has not been found possible, however, to 
sterilize the air of inhabited rooms. Numer- 
ous tests under a variety of conditions have 
shown that the air-borne bacterial popula- 
tion can be reduced by not more than 70 to 
75 per cent and the rate of killing is much 
slower than in the case of atomized bacterial 
suspensions. Investigation of dust-borne 
bacteria (non-pathogens with rare excep- 
tions) indicates that the reason for their 
relative insensitivity to the lethal effect 
of triethylene glycol vapor lies in the physi- 
cal state of the bacterial particle which 
obviously differs from that of the glycol- 
sensitive micro-organisms desiccated under 
laboratory conditions. 

The utilization of glycol vapor for pur- 
poses of aerial disinfection involves a num- 
ber of considerations which may be out- 
lined briefly as follows: since triethylene 
glycol has a very low vapor pressure (boiling 
point is 550°f.) heat is essential for vaporiza- 
tion. However, the temperature which can 
be employed for this purpose is limited by 
the fact that this glycol begins to decompose 
at temperatures far below its boiling point. 
These properties of triethylene glycol in- 
troduce very deflnite requirements for the 
design of vaporizers. In order to disperse 
sufficient glycol into the air extended 
evaporating surfaces must be employed. 
Heating of the pool or reservoir of glycol 
should be avoided. Certain glycol vapor- 
izers commercially available embody these 
principles, others do not. 

Continuous dispersion of the glycol vapor 
into the treated space is essential because of 
the constant loss of vapor from the air, due 
to invisible condensation on all surfaces 
(including dust in the air) and the exchange 

* Certain earlier studies, “ which indicated that dried 
bacteria were relativ’cly unsusceptible to glycol vapor 
action at humidities below 30 per cent, were carried out 
before any means was available for measuring concentra- 
tions of tricthylene glycol in the air. Subsequent de- 
velopments have shown that the amounts of glycol used 
in those experiments which were calculated to saturate 
the air actually produced concentrations so low as to 
be almost negligible. 

“ Robertson, O. H. Sterilization of air with glycol 
vapors. Harvey Lecture Scries, 38: 227-234, 1942-43. 
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of air which goes on to some degree even 
when windows and doors are closed. This 
loss amounts to 70 to 90 per cent of the 
glycol vaporized.® Hence in order to secure 
and maintain adequate concentrations of 
glycol in the air it is necessary to vaporize 
usually four to flve times the amount of 
triethylene glycol calculated to produce the 
desired concentration in a given space. 
When air exchange in the room is increased 
by opening of doors and windows, the 
glycol requirement is even higher. 

Air currents are necessary for uniform 
dispersion of glycol vapor throughout the 
treated space. In moderate-sized rooms of 
several thousand cu. feet the natural convec- 
tion currents are usually adequate for this 
purpose. In larger spaces an electric fan or 
two depending on the size and shape of the 
space to be glycolized accomplishes the 
desired result. Air conditioning systems 
offer the most satisfactory means of glycol 
vapor distribution. 

Maintenance of an adequate concentra- 
tion of triethylene glycol vapor in the 
atmosphere offers the principal problem in 
the field of practical application. Until 
glycostats become available the only means 
of knowing whether sufficient glycol vapor 
is present, aside from chemical determina- 
tion, is to produce a slight fog. The presence 
of a mist, best determined by the Tyndall 
effect (from a focused flashlight) does not 
necessarily indicate saturation of the air. 
A beam may be detectable at any concen- 
tration above 50 per cent saturation depend- 
ing on the dustiness of the air. However, the 
occurrence of a Tyndall beam under ordi- 
nary conditions indicates the presence of a 
germicidal concentration. The optimum 
concentrations in terms of per cent satura- 
tion probably lie between 60 and 80 per 
cent. 

Prior to its use in environments inhabited 
by human beings, prolonged tests (twelve 
to eighteen months) for chronic toxicity 
were carried out on monkeys and rats ex- 
posed continuously to atmospheres satu- 
rated with triethylene glycol vapor. In 
none of this large group of animals nor in 
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others receiving oral doses many hundreds 
of times the amount they could absorb 
from inhalation were any deleterious effects 
observed either during life or in histologic 
sections of the organs following sacrifice at 
termination of the experiments. Subse- 
quent to these tests thousands of individuals 
have resided in glycol-containing atmos- 
pheres, many of them continuously for 
months, without apparent disturbance. The 
presence of triethylene glycol vapor in the 
air offers no fire or explosive hazard. 

Evidence of the effect of triethylene glycol 
vapor derived from practical application 
is as yet scanty. Tests of the lethal action 
of glycol vapor on pathogens demonstrable 
in the air have thus far been confined to 
observations on hemolytic streptococci. In 
hospital wards housing patients with strep- 
tococcal respiratory tract infections the 
dispersion of triethylene glycol vapor re- 
sulted in reduction of air-borne streptococci 
of approximately 70 per cent. However, 
when in addition to glycol, dust control 
measures (oiling of bedding and floors) were 
instituted, the reduction was increased to 
95 per cent. These findings bring out the 
importance of dust suppression as an ad- 
iunct to the use of triethylene glycol vapor. 

The few studies that have been reported 
on the clinical effects of employing glycol 
vapor for the prevention of air-borne infec- 
tion are much more difficult to evaluate. 
The results of these experiments which were 
carried on in hospitals and military barracks 
vary from marked reduction of infections in 
the glycolized area^^ to inconclusive effects.^* 

Robertson, O. H., Lossli, C. G., Puck, T. T., 
Lemon, H. M., Wise, H. and Lester, W. Tests for the 
chronic toxicity of propylene glycol and triethylcne 
glycol on monkeys and rats by vapor inhalation and 
oral administration. J. Pharmacol. & Exper. Therap., 91 : 
52-76, 1947. 

" Puck, T. T., Hamburger, M., Robertson, O. H. 
and Hurst, V. The effect of triethylene glycol vapor on 
air-borne beta hemolytic streptococci in hospital wards. 
It. The combined action of glycol vapor and dust control 
measures. J. Infect. Dis., 76: 216-225, 1945. 

Robertson, O. H. Disinfection of air by germicidal 
vapors and mists. Am. J. Pub. Health, 36: 390—391, 1946. 

Loosli, C. G., Smith, M. H. D., Gauld, R., Rob- 
ertson, O. H. and Puck, T. T. Control of cross infections 
in infants’ wards by the use of triethylenc glycol vapor. 
Am.J. Pub. Health, 37; 1385-1398, 1947. 


Environmental conditions of the several 
tests differed markedly and it is quite likely 
that opportunities for the transmission of 
infection by routes other than the air like- 
wise varied. This latter unknown, namely, 
the percentage of cases of the various 
diseases of the respiratory tract that are air- 
borne makes the evaluation of any control 
measure most difficult. In environments 
such as hospital wards adequately con- 
trolled tests of the effect of aerial disinfec- 
tion on the incidence of diseases acquired 
by way of the respiratory tract must include 
rigid enforcement of ward technics intended 
to reduce the possibility of channels of in- 
fection other than through the air. 

From the foregoing summary it is appar- 
ent that the usefulness of triethylene glycol 
vapor as a means of protection against 
respiratory infection remains to be de- 
termined. However, the fact that this vapor 
has been shown to be a potent aerial disin- 
fectant, at least for freshly dispersed patho- 
gens, indicates the worthwhileness of more 
clinical trials in a variety of environments. 
The kind of control employed in such tests 
will of necessity vary with the particular 
environment and will have to be planned 
for each type of population under study. 
It is only through an accumulation of results 
from controlled experiments of this kind 
that an evaluation of the procedure will be 
possible. 

In conclusion, reference should be made 
to the nationwide sale of glycol vaporizers. 
Two recent editorials in medical periodi- 
cals^'*’ have dealt with this subject pointing 
out the unfortunate aspects of unrestrained 
exploitation of glycol vapors and the fact 
that the majority of the vaporizing devices 
on the market are completely unsatisfac- 
tory. A few mechanically sound and effici- 
ent vaporizers are being produced and d 
seems likely that some means of officia 
certification of such apparatus will soon be 
available. 

O. H. Robertson, m.d. 

** Commercial e.xploitation of glycol vaporizers. Am. J- 
Pub. Health, 39: 222-224, 1949. 

‘‘The sale of glycol vaporizers. Cincinnati J. 

April, 1949. 
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I. Electrophoretic, Nitrogen and Lipide 
Analyses of Plasma and Plasma Fractions 
of Healthy Young Men* 


H. Rowland Pearsall, m.d. and Alfred Chanutin, ph.D. 

Charlottesville, Virginia 


C OHN and his associates recently in- 
troduced technics^ for large scale 
fraction of plasma. This procedure 
(method vi) has many advantages due to 
the relative simplicity of the method; frac- 
tions may be obtained by varying pH, ionic 
strength and ethanol concentrations at low 
temperatures. Information concerning the 
protein components of the fractions sepa- 
rated by method vi are available only for 
pooled Red Cross plasmas.^'" 

In the present investigation this pro- 
cedure was modified so that small amounts 
of human plasma could be fractionated into 
Fractions i, ii -f- iii, iv-1, iv-4 and v. Varia- 
tions of the electrophoretic patterns and of 
the nitrogen and lipide contents of the 
plasma and the plasma fractions of healthy 
young men are presented and may serve as 
normal standards for studies in which frac- 
tionation procedures are utilized in the 
investigation of the plasma in diseased 
states. 

METHODS 

Approximately 50 ml. of blood were drawn 
before breakfast from thirty male students 
(twenty to thirty years of age) ; clotting was pre- 
vented with heparin. Each blood was centri- 
fuged shortly after collection and the plasma 
was removed immediately. Approximately 4 
to 5 ml. of plasma were needed for electro- 
phoretic and chemical analyses and the remain- 
ing plasma (17 to 20 ml.) was fractionated by 
slight modifications of method vi^ within a few 
hours. 


The plasma was fractionated in a 100 ml., 
round bottom, Pyrex centrifuge tube. The 
ethanol (53.3 or 95 per cent) was measured from 
a Machlett autoburette which was connected by 
rubber tubing to a small reservoir immersed in 
a low temperature bath. The cold ethanol was 
added slowly with continuous stirring to the 
protein-containing solution which was main- 
tained at low temperatures (0 to —5°). The 
pH and ionic strengths were adjusted essentially 
as previously described.^ The ethanol was added 
before adjusting pH and ionic strength. The pH 
was determined on small volumes (0.3 ml.) of 
the ethanol-protein mixture with the aid of a 
microcup and a Beckman instrument. 

The plasma was diluted (1:1) initially with 
sodium chloride solutions (ionic strength 0.14) 
containing about 4 ml, of phosphate buffer 
(pH 6.4, ionic strength 0.15). The addition of 
the buffer was essential for the maintenance of 
proper hydrogen ion concentrations in the 
precipitation of Fractions i and ii + iii. Shortly 
after precipitation each fraction was dissolved 
in saline and brought to 10 ml. in a volumetric 
flask. Aliquots were taken for electrophoretic 
nitrogen and lipide analyses. 

The plasma and fraction solutions were 
dialyzed against a barbiturate buffer (pH 8.6, 
ionic strength 0.1). Electrophoresis was carried 
out in the Tiselius apparatus at 2°, the patterns 
being recorded by the method of Longsworth.® 
A microcell * with a capacity of 2 ml. was used 
to obtain the electrophoretic patterns. Electro- 
phoresis was usually allowed to continue for 
ninety minutes with a current of 8 ma. Mobility 
calculations were based on the distance from 
the peak of salt effect ( 5 ) to the peak of the 


Obtained from Pyroccll Co., N. Y. 

From the Biochemical Laboratory, University of Virginia Afedical School, Charlottesville, Va. This work was made 

possible by a grant from the Office of Naval Research. 
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respective components. The areas of the ascend- 
ing patterns were measured. 

The total lipides of the plasma and fractions 
were extracted with hot acetone-absolute alcohol 
(1:1). Aliquots were analyzed for cholesterol 
aecording to the procedures of Sperry and 


RESULTS 

Electrophoresis. The percentage distribu- 
tions of the protein components of plasmas 
and four fractions (i, ii -}- iii, iv-4 and v) 
together with typical ascending patterns are 




Fig. 1. Electrophoretic analyses of whole plasma; percentage distribution of protein components in 
plasma. 
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Fig. 2. Electrophoretic analyses of plasma fractions; percentage distribution of protein components 
in Fractions r, n + in, iv-4 and v. 


Brand.'* Aliquots of the alcohol-acetone extract 
were evaporated to diymess, extracted with 
petroleum ether and the total lipide carbon was 
determined by the manometric technic of Van 
Slyke and Folch.^ Total nitrogen was determined 
by the micro-Kjeldahl procedure. 


shown in Figures 1 and 2. Fraction iv-1 is 
omitted due to insufficient amounts for 
analyses. The variations in distribution of 
the various components are generally greater 
in the fractions than in whole plasma. The 
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mean values foi percentage distribution of ,of the plasma at the time of fractionation, 
the protein components of the plasma and sampling of individuals instead of pooled 
its fractions (Table i) are similar to those plasmas and slight differences in fraction- 
presented by the Harvard investigators.^'- ation technic. 

The small differences noted may be due to The mobilities of each component were 
incomplete resolution in the microcell, age determined for each fraction but were too 


Table i 

.mean percentage area distributions of 

ELECTROPHORETIC PATTERNS OF PLASMA 
AND FOUR FRACTIONS 



Whole 

Fractions 

phoretic 

Component 

Plasma 

(30)* 

% 

(12) 

% 

II -f- III 
(22) 

% 

iv-4 

(13) 

% 

V 

(13) 

% 

Albumin 

52 

20 

10 

21 

84 


8 

• > 

5 

24 


ao 

11 

19 

36 

26 

13 

d 

12 


i « • 

23 



7 

49 

13 

6 

4 

y 

11 

12 

i 

i 

36 




* Figures in parentheses represent number of samples. 
All the fractions in twelve individual subjects were 
analyzed. 


Table ii 

MEAN VALUES IN MG. OF THE CONTENTS OF PROTEIN- 
NITROGEN, LIPIDE CARBON AND CHOLESTEROL IN 
EACH FRACTION PER 100 ML. PLASMA 

Total 

, Contents in 

Plasma i ii + m iv-1 iv-4 v Fractions, 

% 

Protein Nitrogen (30) * 

1083 87 258 40 124 477 986 (91 )t 

Total Lipide Carbon (30) 

491 44 254 48 74 42 462 (94) 

Cholesterol (30) 

180 13J 118 5t 23J It 166 (92) 


% Free Cholesterol 



* Number of samples analj-zed. 
t Percentage recovery in fractions. 

I Represents a limited number of determinations. 
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Fig. 3. Protein nitrogen contents of plasma and five 
plasma fractions. 


variable for identifying the respective pro- 
teins. The relative positions of the com- 
ponents in the electrophoretic pattern were 
used as the means of identification. 

Distribution of the nitrogen in plasma 
and five fractions of thirty subjects is sho\vn 
in Figure 3. The greatest variations in in- 
dividual values are seen in whole plasma 
and in Fraction v. The mean values for each 
fraction are shown in Table ii. Approxi- 
mately 75 per cent of the plasma protein is 
present in Fractions n -1- iii and v. The dis- 
tribution of the fractions in terms of nitro- 
gen is similar to that noted by Cohn et al.^ 

The lipide carbon values arc shown 
graphically in Figure 4 and the mean 
v'^alues arc given in Table ii. More than one- 
half of the lipide carbon is present in 
Fraction ii -f m. According to tlie mean 
values there is an excellent rccov'ery of 
lipide in the five fractions. However, an 
analysis of individual plasmas shows wide 
differences in the percentage recovery, 
varying from 75 to 118 per cent. The indi- 
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vidual lipide carbon contents of Fraction 
n + in constitute between 43 and 70 per 
cent of the total content of the plasma. 

Detailed and mean data for cholesterol 
are presented in Figure 5 and Table ii. 
Approximately 70 per cent of the total 


obtainable from individual subjects, ^by 
the low temperature-ethanol procedures 
developed by E. J. Cohn and associates for 
large scale fractionation of pooled plasmas. 

Electrophoretic, nitrogen and lipide 
analyses of the plasma and five fractions (i, 



Fig. 4. 


TOTAL 


FREE 



60 - 
50 - 
40 - 
30 - 
20 - 
1 0 - 
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a. 


Fig. 5. 


Fig. 4. Lipide carbon contents of plasma and five fractions. 

Fig. 5. Total cholesterol of plasma and five plasma fractions; and percentage free cholesterol in plasma and Fraction 
It -1- HI. 


cholesterol of the plasma is present in 
Fraction ii -f iii. The marked constancy of 
the percentage of free cholesterol of Frac- 
tion II -b III is worthy of note. The free 
cholesterol in the remaining fractions could 
not be determined accurately due to the 
small amounts present. 

COMMENTS 

According to Cohen and Thompson,® the 
area distributions and mobilities of patterns 
obtained with the micro- and macrocells 
are in good agi'eement with each other. The 
microcell is essential in the present investi- 
gation because of the small amounts of 
available material. Fairly good agreement 
for the patterns obtained by the two types 
of cells has also been found in this labora- 
torv. However, the mobility data are un- 
satisfactory due to the large variations for 
any given component. It is difficult to 
resolve satisfactorily the complexes in the 
<j> and 7 areas of Fractions iv-4 and v and 
in the a-^ area of Fractions i and ii -f iii. 

SUMM.ARV 

Methods are described for fractionating 
comparatively small volumes of plasma 


II -f- III, IV- 1, iv-4 and v) of healthy young 
men are presented. 

Acknowledgments: The authors are indebted 
to Dr. Stephan Ludewig, Dr. E. C. Gjessing, 
Mr. J. P. Lewis, Mr. E. R. Berry and Miss B. 
A. Lentz for advice and technical assistance. 
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II. Electrophoretic, Nitrogen and Lipide 
Analyses of Plasma and Plasma 
Fractions in Disease* 

H. Rowland Pearsall, m.d. and Alfred Ghanutin, pIi.d. 

Charlottesville, Virginia 


C HANGES in the distribution and 
properties of the plasma proteins 
noted during disease are of con- 
siderable interest to clinicians and investi- 
gators. In a recent review of the literature 
dealing with plasma proteins in disease 
Gutman^ pointed out that distribution of 
these proteins is generally not specific for 
any one disease but is characterized by a 
decrease in albumin and an increase in 
various globulin components. 

Most of the available information is based 
on electrophoretic studies of plasma and 
plasma fractions obtained with neutral salt 
precipitation. The inability to correlate the 
changes in plasma proteins with a specific 
disease detracts from the diagnostic value 
of plasma protein fractionation by present 
salting-out methods. The carefully con- 
trolled fractionation procedures of Cohn 
and associates^ provide another approach 
to the study of this problem. Application of 
these technics to relatively small volumes 
of dog,® raf* and goaf’ plasmas reveal 
changes in the distribution of protein 
components after injury. 

In a previous paper® the plasma proteins 
of normal young men were fractionated by 
the low temperatui'e-ethanol procedures 
and standards were established for the 
electrophoretic, nitrogen and lipide dis- 
tributions of the plasma fractions. In this 
investigation these same procedures were 
applied to the plasmas of patients with a 
variety of diseases. 


RESULTS 

The plasmas and the plasma fractions of 
patients with multiple myeloma, hepatic 
disease, nephrotic syndrome, malignant 
hypertension, pneumonia and a variety of 
other diseases were studied. 

Multiple Myeloma. The data in six cases 
of proven multiple myeloma are presented. 
Two of these patients had normal plasma 
nitrogen concentrations but hyperglobu- 
linemia was present in all cases. (Fig. 1.) 
Most of the nitrogen values in Fractions i 
and II -j- III were elevated while the albumin 
contents (Fractions v) were all decreased. 
The protein contents of Fractions iv-1 and 
iv-4 were not affected. The lipide carbon 
contents of the plasma and Fraction ii iii 
were deereased except in one instance; the 
values for the remaining fractions were 
normal. (Fig. 1.) The total cholesterol con- 
tents were somewhat decreased and the 
percentage-free cholesterol was not appre- 
ciably affected. 

The electrophoretic patterns for the 
plasma and four fractions of Patient O. H. 
are shown in Figure 2; pertinent patterns 
are shown for the remaining five patients. 
(Fig. 3.) The abnormal protein component 
(“M”) has the mobility of gamma globulin 
in five of the six patients and has the solu- 
bility characteristics of gamma globulin in 
the fractionation procedure. It is the chief 
protein in Fraction ii -fi iii. 

The electrophoretic analysis of the protein 
components of the plasma and Fraction 


* From ttm Biochemical I.aboratory, Univci-sity of Virginia Medical School, Charlottesville. \’a. This work was made 
. possible by a grant from the Office of Naval Research. 
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II + III of all patients are graphically pre- components of Fraction iv-4 and v of 
sented in Figure 4. It will be noted that the multiple myeloma plasmas was normal, 
gamma globulin component was increased The distribution and properties of com- 
in five patients; two determinations taken ponent M were not uniform. In patient 

PROTEIN TOTAL CHOLESTEROL 



Fig. 1. Protein nitrogen, lipide carbon and cholesteroi contents in the blood 
plasma and fractions of six cases of multiple myeloma. The rectangles in this 
and other figures represent the limit of variations in normal subjects. 


PLASMA I H+U; IE-4 X 


7 



Fig. 2. Electrophoretic patterns of plasma and four fractions of a case of multiple myeloma; 
patient O. H. 


at an interx’^al of one month for Patient C. H. O. H. (Fig. 2) most of the abnormal protein 
were elevated in the fibrinogen range in was present in Fraction ii + iHj but an 

both the plasma and Fraction ii + iii. appreciable amount was also present in 

The OTs-jS area was decreased in Fraction Fraction i. Although the mobility of t c 

II + III in all cases. Distribution of the abnormal protein of the plasma of G. 

amcrican journal of jjnnioiNL 
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(Fig. 3) was in the y range, 72 per cent of 
the total plasma nitrogen (2.4 gr. per cent) 
was present in Fraction i; a saline solution 
of this fraction solidified on standing. It was 
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from this patient was unusually viscous; 
this property was not observed after the 
patient was treated with stilbamidine for a 
month. A viscous protein was also described 



Fig. 3. Electrophoretic patterns of the plasma and Fractions i and ii + iii of five cases of 
multiple myeloma. The solid portion of the pattern represents the “M” component. 
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Fig. 4. Analyses of the electrophoretic patterns of plasma and Fraction ii + m of six 
cases of multiple myeloma. The open circles designate the results obtained for patient 
C. H. 


noted that the M component of the plasma 
of G. H. (Fig. 3) appeared to have the 
mobility of fibrinogen but on fractionation 
was absent in Fraction i. A solution of 
Fraction ii + in of the first plasma obtained 

S E P T E M I) F. R , 194 9 


by Shapiro et al.^ It is improbable that this 
therapy ivas responsible for the change in 
physical property. 

Liver Disease. In this gi'oup five cases of 
hepatitis of virus etiolog)’ and fii’c of 
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Laennec cirrhosis are discussed. The results 
are shown in Figures 5 and 6. 

Despite the normal values for plasma 
nitrogen (Fig. 5) these patients exhibit 
hyperglobulinemia as evidenced by the 
elevated values in Fractions i and ii + in 


distribution of the eomponents of the electro- 
phoretic patterns tended tp return to the 
normal ranges. No demonstrable differences 
in the electrophoretic patterns were seen 
at widely varying intervals in two of the 
cirrhotics studied. 


PROTEIN TOTAL CHOLESTEROL 

NITROGEN LIPIDE CARBON TOTAL % FREE 



Fig. 5. Protein nitrogen, lipide carbon and cholesterol contents in the blood plasma 
and fractions of ten cases of liver disettse; O = hepatitis; • = cirrhosis. 


and decreases in albumin (Fraction v). The 
lipide carbon contents are not appreciably 
affected. The total eholesterols of Fraction 
II + III of the cirrhotics are below normal. 
Liver damage is reflected in the increased 
values for the percentage-free cholesterol, 
particularly in the hepatitis patients. 

Electrophoretic patterns of plasma and 
Fraction ii + m from two cirrhotic patients 
in the terminal stage are shown in Figure 6. 
The distribution and concentration of the 
protein components are quite different 
under conditions which are clinically identi- 
cal. Most of the patients with cirrhosis have 
electrophoretic patterns similar to Case ii. 
The electrophoretic patterns of hepatitis 
plasma and Fraction ii in are qualita- 
tively similar to those of cirrhosis; the y 
globulin area tends to be smaller in the 
hepatitis patients. 

In one patient with hepatitis who showed 
clinical improvement the lipide and nitrogen 
contents of the plasma and fractions and 


Nephrotic Syndrome. Studies on five pa- 
tients with marked albuminuria, edema, 
hypo-albuminemia and hypercholesterol- 
emia are presented. In two cases patients 
were studied at intervals during treatment. 
The data are summarized in Figures 7 
and 8. 

The very low nitrogen content of Fraction 
V and marked elevation of lipide carbon 
and cholesterol contents of the plasma and 
Fraction ii -F iii are the outstanding chemi- 
cal changes noted in Figure 7. Two plasma 
nitrogen concentrations of a patient treated 
for a long period arc in the control range 
but the albumin contents remain subnormal. 
Electrophoretic patterns of the plasma 
and the fractions of two patients arc .shown 
in Figure 8. The changes seen in the plasma 
of subject V. A., a twelve year old gif 
with a typical nephrotic syndrome, w’cn 
similar to those described by other investiga- 
tors. The OTriS components of Fractions 
II -j- III and v were increased and the 

r mi.digi*-' 
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albumin component of Fraction v was 
markedly decreased. The nephrotic syn- 
drome of patient S. P., a forty-five year old 
male, was complicated by psoriasis and 
atrophic arthritis. In this case the 0:2 com- 
ponent was prominent in all patterns except 

PLASMA I+m 
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the first two weeks. The plasma and Frac- 
tion II + III pattern (Fig. 10) on the ninth 
day after the onset of illness was unusual 
due to the marked increases in the a globu- 
lins and fibrinogen. On the sixteenth day 
the patient showed definite signs of im- 

PLASMA I+IL 





Patient i Patient 2 

Fig. 6. Electrophoretic patterns of two cirrhotic patients in the terminal stage. 


Fraction i; the fibrinogen was increased in 
the plasma and Fractions i and ii + iii; the 
jS component was present in small amounts. 

The electrophoretic analyses of the 
plasmas of all patients showed a marked 
decrease of albumin and an elevation of 
the 0 : 2 , (0 and components. The aa-jS 
areas of Fraction ii -f- iii were consistently 
increased. 

Malignant Hypertension. The results ob- 
tained in four patients in various phases of 
this disease are given. (Fig. 9.) The out- 
standing changes in the chemical analyses 
were as follows; increases in the nitrogen 
contents of Fraction i and ii -H in and de- 
creases in Fraction v; decreases of total 
cholesterol of Fraction ii + iii in three of 
the four patients and elevation in the 
percentage-free cholesterol of the plasma 
and Fraction ii -j- iii. No striking change 
was observed in the electrophoretic analyses 
except for a decrease in the albumin com- 
ponent of the plasma. 

Pneumonia. The patients in this gi'oup 
represent two severely ill patients due to 
type 33 pneumococcus (J. W.) and tula- 
remia (H. D.) and three modei'ately severe 
pneumonias of unknown etiolog)’’ (C. M., 
A. P. and M. G.). 

Case I (J. W.) ran a particularly stormy 
course \vith continuous high fever during 


provement. The patient was discharged on 
the twenty-third day and was back at work 
on the forty-third day but the electrophore- 
tic patterns, pulmonary x-ray and physical 
findings at this time had not yet returned to 


PROTEIN TOTAL CHOLESTEROL 

NITROGEN LIPIDE CARBON TOTAL X FREE 



Fig. 7. Protein nitrogen, lipide carbon and cholesterol 
contents in the blood plasma and fractions of five ca'cs 
with the nephrotic syndrome. 


normal. During recovery the electrophoretic 
patterns were characterized by increases in 
the 7 globulins and albumin and decreases 
in a globulin and fibrinogen. 
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The changes in the nitrogen distribution however, changed from subnormal to nor- 
in Case i are noteworthy since the albumin mal values, with recovery, 
content decreased and the 7 globulin-rich The tularemic pneumonia patient (H. D.) 
Fraction ii + iii increased at about the was very ill when admitted to the hospital 

PATIENT V. A. 





I PLASMA I X 1 n+m I 31-4 1 x 1 

Fig. 8. Electrophoretic patterns of the plasma and four fractions of two cases with the 
nephrotic syndrome. 


PROTEIN TOTAL CHOLESTEROL 

NITROGEN LIPlOE CARBON TOTAL % FREE 



Fig. 9. Protein nitrogen, lipidc carbon and cholesterol contents in the blood 
plasma and fractions of four cases of malignant hypertension. 


time of clinical improvement. (Table i.) on the ninth day of his illness. At tiiis time 

After this time values for the various frac- the nitrogen contents of the plasma and it.s 

tions tended to return to normal. The fractions, particularly Fraction v, vcrc 

changes in the lipide carbon were not strik- decreased; the cholesterol contents %^crc 

ing or consistent. The cholesterol contents, subnormal and the pcrccntagc-frcc c to 
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lesterol was elevated in the plasma and 
Fraction ii + iii. (Table i.) At the time of 
definite improvement (the twenty-eighth 
day) the nitrogen content of the plasma was 
in the normal range due chiefly to increases 
in the fibrinogen, 7 globulin and albumin 
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patterns of the plasma and fractions were 
not particularly striking in these three 
patients. 

Miscellaneous Diseases. The following 
diseases were studied: lymphopathia ven- 
ereum; heart failure (six cases); acute 


Table i 


NITROGEN, LIPIDE CARBON AND CHOLESTEROL CONTENTS PER 100 ML. OF PLASMA AND PLAS.MA FRACTIONS 


IN FIVE CASES OF PNEUMONIA AT VARYING INTERVALS DURING THE ILLNESS 


Day 

of 

Protein Nitrogen 

Total Lipide Carbon 

Cholesterol 

111- 





1 







■1 



ness 

1 

Plasma 

■ 

II -f III 

IV-1 

iv-4 

fl 

Plasma 

■ 


IV-1 

iv-4 

1 

fl 

Plasma 

II III 

Case I, J. W., a male, aged 31 

9 

903 

175 



152 


378 


11 

21 

41 

fl 

81 

41 

16 

1260 

193 
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229 


mSm 

22 

80 

mm 

98 

37 

23 

1330 

221 

516 

30 

199 


394 


128 

42 

134 

Wm 

139 

34 

43 

1 

1232 

133 

403 

58 

129 

460 

432 


164 

29 

98 

71 

158 

69 


Case ir, H. D., a male, aged 27 


10 

725 

64 

216 

33 

70 

252 

474 

38 

326 

■ 

53 

34 

89 (57)* 

68 (63)* 

17 

808 

75 

293 

26 

99 

244 

418 

36 

290 


50 

23 

107 (49) 

87 (42) 

28 

i 

1350 

179 

j 

518 

18 

117 

334 

470 

38 

249 

■ 

78 

44 

208 (35) 

136 (34) 


Case in, C. M., a male, aged 44 


5 

974 



87 

179 

274 

523 

33 

■1 

38 

63 

41 

WM 


7 

966 



55 

161 

308 

453 

36 

19 

48 

35 

36 

mm 



Case IV, A. P., a male, aged 29 


5 

n 

n 

284 

45 

ii 


389 

42 

n 

40 

51 

18 

79 (40) 

58 (44) 

12 

m 

9 

403 

50 

9 


467 

60 

n 

35 

35 

29 

116 (30) 

91 (29) 


Case V, M. G., a female, aged 1 9 


7 

897 

150 


34 

91 

281 

366 

9 

154 

28 

89 

Mm 

■ 

99 

14 

1040 

120 


26 

108 

318 

543 

9 

303 

59 

50 

9 

■1 

99 


* Figures in parentheses represent the percentage-free cholesterol. 


in Fractions i, ii + m and v, respectively. 
The lipide carbon contents were not appre- 
ciably affected during the illness. The 
cholesterol contents rose and the percentage- 
free cholesterol decreased to normal limits. 

In the three remaining patients with 
pneumonia the pertinent chemical changes 
(Table i) during recovery were similar in 
general to those observed in patients J. W. 
and H. D. The changes in electrophoretic 


nephritis; pernicious anemia; sickle cell 
anemia; periarteritis nodosa; arsenic poison- 
ing; early syphilis before and after treatment 
(two cases); Hodgkin’s disease before and 
after treatment with nitrogen mustards 
(three cases) and rheumatic fever (two 
cases). The electrophoretic patterns of the 
plasma in these patients were similar to 
those obtained by other investigators. The 
patterns of Fraction ii -f- in Usually reflect 
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the outstanding changes in the globulin 
components of the plasma. Generally there 
is an increase in the nitrogen content of 
Fraction n + in and a decrease of Fraction 
V. No characteristic changes in the lipide 
v’^alucs were obser\'ed. 


ALt) 

PLASMA 



9 16 43 

DAY OF ILLNESS 

Fig. 10. Electrophoretic patterns of plasma and Frac- 
tion n -V- HI of a case of pneumococcic pneumonia at 
varying intervals during the disease; patient 1. 

COMMENTS 

The literature concerned with the electro- 
phoresis of plasma in disease was reviewed by 
Stern and Reiner,® Luetscher® and Gut- 
man.* It is generally agreed that this 
procedure is of limited value as a diagnostic 
test. Corroborative evidence is presented in 
this paper which shows a lack of specificity 
of the electrophoretic pattern of plasma in 
most diseases. 

The nitrogen, lipide carbon and cho- 
lesterol contents of each of the five plasma 
fractions could be determined in relatively 
small volumes of plasma. In most diseases 
the nitrogen content of the fibrinogen-rich 
Fraction i is elevated due chiefly to an 
increase in fibrinogen. The protein content 
of Fraction ii iii is usually increased c.x- 
cept in nephrotic cases. The nitrogen of the 


albumin-rich Fraction v is depressed in all 
diseases of moderate or marked severity 
and this is particularly striking in nephrosis 
and liver disorders. The increased lipide 
carbon contents of the plasmas of patients 
with nephrosis and hepatitis are usually 
reflected in Fraction ii -f m. It is striking 
that the ratio between the cholesterol con- 
tents of total plasma and Fraction ii + iii 
remains within the normal range® in the 
diseases studied. The values for the per- 
centage-free cholesterol are approximately 
the same for plasma and Fraction ii + ni. 

Electrophoretic analyses of the plasma 
fractions yield more detailed information 
concerning the distribution of proteins than 
is observed in the plasma. Fraction ii -}- in 
usually shows the greatest qualitative changes 
in disease due to variations in the distribu- 
tion of the a--^ and 7 globulins. The re- 
maining fractions do not show appreciable 
variations in the percentage distribution of 
the components. At present it is impossible 
to assess the significance of the percentage 
distribution of the components in these 
fractions. Increases in a given component 
may indicate the presence of an abnormal 
protein or an increased content of the 
normally-occurring protein. In order to 
appreciate the changes seen in plasma frac- 
tions it will be necessary to separate these 
components and determine their physical 
and chemical characteristics. Such studies 
would be particularly applicable to plasmas 
of patients with the nephrotic syndrome, 
liver diseases, multiple myeloma and severe 
infections. 

SUM.MARY .AND CONCLUSIONS 

The plasmas of patients with multiple 
my'eloma, liver disease, nephrotic symdromc, 
malignant hypertension, pneumonia and a 
variety of other diseases were separated 
quantitatively into five fractions ( 1 , 11 + *■’> 
IV- 1, iv-4 and v) by the ethanol-low tem- 
perature, low salt procedures. Thc.se plasma 
and fractions were analyzed clcctrophorc- 
tically and their nitrogen, lipide carbon 
and cholesterol contents were determined. 

The abnormal protein component (M) 

UR.VAI. OF MKDICINL 
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of multiple myeloma plasma is usually 
present in Fraction ii + iii but may also be 
found in Fraction i. The mobility charac- 
teristics of this protein in plasma do not 
necessarily determine the fraction in which 
the M component is present. 

The degree of alteration in the plasma 
protein patterns is, in general, determined 
by the severity of the disease. The ab- 
normalities in the distribution of the protein 
components noted, particularly in Fraction 
II + III, appear to be non-specific. Signifi- 
cant changes in the nitrogen and lipide 
distributions may be seen in Fractions i, 
II -T III or V. 

Acknowledgments: The authors are indebted 
to Mr. J. P. Lewis, Mr. E. R. Berry, Miss B. A. 
Lentz and Miss F. L. Jones for technical 
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A Spontaneously Precipitable Protein in 
Human Sera, with Particular Reference 
to the Diagnosis of Polyarteritis Nodosa* 

Harold Lepow, m.d., Leo Rubenstein, m.d., Fanya Woll and Harry Greisman, m.d. 


New York, 

D uring routine analysis of sera in the 
chemistry laboratory one of us 
(F. W.) noted a precipitate in a 
certain serum after cooling for twenty-four 
hours at 4°c. On repeated examination of 
the same serum under similar conditions 
the same result was obtained. The clinical 
diagnosis in this case (Case i) was poly- 
arteritis nodosa, subsequently proved by 
postmortem examination. All sera analyzed 
in the laboratory thereafter were examined 
for this precipitate. A second case (Case ii) 
was subsequently found showing the same 
type of precipitate. The clinical diagnosis 
here again was polyarteritis nodosa, also 
proved by postmortem examination. 

On further analyses of sera three addi- 
tional cases were found in which the clinical 
diagnoses were portal cirrhosis of the liver 
(Case III), subacute bacterial endocarditis 
(Case iv) and septicemia (Case v). The 
patient with portal cirrhosis died but per- 
mission for postmortem examination was 
not obtained. The remaining two patients 
have been under follow-up obseiA^ation. A 
sixth case was obser\’’ed recently in which 
the clinical diagnosis was polyarteritis 
nodosa, proved by biopsy. A detailed 
study of the serum of this last patient was 
undertaken in order to determine the nature 
of the precipitate by means of electro- 
phoretic analysis. 

CASE reports 

Case i. F. C.. a fifty-four year old white 
male, was admitted to Lincoln Hospital in a 
* From the Medical SeiA-icc and the Laboratory'. Lincoln 


New I ork 

semicomatose condition on January 17, 1947. 
The diagnosis of polyarteritis nodosa was made 
because of the presence of fever, leukocytosis, 
changes in the ocular fundus, hematuria, azo- 
temia, anuria, peripheral neuritis, purpura, 
gangrene and convulsive seizures. No eosino- 
philia was detected. Serum total proteins rose 
from 4.6 Gm. per cent (albumin/globulin ratio 
of 2. 4/2. 2) to 6.8 Gm. per cent (albumin/globu- 
lin ratio of 3. 6/3. 2) and 7.1 Gm. per cent 
(albumin/globulin ratio of 4.1 /3.0), with the 
cephalin flocculation at first negative, then 
plus-minus and then 3 plus before death on 
April 7, 1947, the eighty-eighth hospital day. 
Blood non-protein nitrogen reached 114 mg. per 
cent. Postmortem examination confirmed the 
clinical diagnosis. Lesions of polyarteritis nodosa 
were found in the kidneys, pancreas, heart, 
lungs, skin, muscles, seminal vesicles, mediastinal 
vessels and liver. 

This was the first case in which tiic 
presence of a spontaneously precipitable 
protein was noted. 

Case ii. M. L., a thirty^-six year old Negro 
male, was first admitted to Lincoln Hospital on 
May 25, 1945, because of migrating joint pains 
of three days’ duration. Findings .suggested 
the diagnosis of acute rheumatic fever "ith 
polyarthritis. Response to salicylate therapy 
was so good that the patient left the hospita 
against advice after twenty days. 

The second admission was on June 6, > 

because of weakness, fever and pain in the ng 't 
wrist. A diagnosis of acute e.xaccrbation o 
rheumatic polyarthritis was proposed and t e 
patient was again given salicylates. Short y 
afteiAvard hypertension, proteinuria and hema^ 
turia appeared. On July 2, 1947, after the on'Ci 
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of spiking temperature and generalized edema, 
polyarteritis nodosa was first suspected. It was 
at this time that the laboratory demonstrated 
the appearance of a spontaneously precipitable 
protein in a specimen of venous blood withdrawn 
for analysis. Biopsy of gastrocnemius muscle was 
negative for evidence of polyarteritis nodosa. 
There was no eosinophilia. 

Total serum protein was 5.3 Gm. per cent, 
with albumin/globulin ratio of 2. 9/2.4; cephalin 
flocculation was negative. Later the total protein 
was 5.6 Gm. per cent, with albumin/globulin 
ratio of 3. 1/2. 5; the cephalin flocculation was 
plus-minus. Blood non-protein nitrogen was 
112 and 132 mg. per cent. A second biopsy of 
gastrocnemius, July 17, 1947, showed hyalinized 
blood vessels. 

In spite of the development of a wrist drop 
and other evidence of peripheral neuritis, as 
well as of pericarditis, the patient left the 
hospital against advice on July 29, 1947. Post- 
mortem confirmation of polyarteritis nodosa was 
made fortuitously because an assistant medical 
examiner had to be called when the patient 
died at home ten days later unattended by a 
physician. The findings of the assistant medical 
examiner indicated the presence of polyarteritis 
nodosa of the intestine, kidneys, lungs and tes- 
ticles, with bilateral hydrothorax, pericarditis 
and ascites. 

In this case there was a history of taking 
sulfonamides for scarlet fever four weeks 
before the first admission. A spontaneously 
precipitable protein appeared before biopsy 
confirmation. It appeared in the absence 
of eosinophilia. Azotemia was present and 
the cephalin flocculation was becoming 
increasingly positive. The first diagnosis of 
polyarteritis nodosa was made less than one 
month after the second admission. 

Case hi. E. O., a forty-two year old white 
alcoholic female, admitted to Lincoln Hospital 
in a semicoma on March 8, 1947, presented the 
typical picture of cirrhosis of the liver. Total 
protein was 6.4 Gm. per cent. Later examina- 
tions showed total protein 6.0 Gm. per cent, 
with albumin/globulin ratio of 2.9/3. 1 and 
total protein 6.1 Gm. per cent, with albumin/ 
globulin ratio of 2.9/3.2. Cephalin flocculation 
■was 4 plus. Blood urea nitrogen was 67 and 
69 mg. per cent, with a non-protein nitrogen 
of 132 and 102 mg. per cent. The patient was 
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given penicillin for right lower lobe pneumonia. 
She developed bilateral wrist drop and signs of 
peripheral neuritis in spite of massive vitamin 
therapy and she died suddenly after the onset 
of extreme dyspnea on April 5, 1947. Post- 
mortem examination was not permitted. 

In this case a spontaneously precipitable 
protein was present when there was a 
reversal of the albumin/globulin ratio, 
4 plus cephalin flocculation and azotemia. 

Case iv. H. P., a white female, was twenty- 
six years old when she was first admitted to 
Lincoln Hospital as an obstetric patient on 
March 31, 1940. She was also treated with 
sulfonamides for acute pyelitis and acute 
mastitis in June, 1940, and in July, 1940 for an 
ischiorectal abscess. In May, 1947, aged thirty- 
three, she was admitted for spontaneous sub- 
arachnoid hemorrhage. The presence of a 
palpable spleen, a systolic murmur and clubbing 
of the fingers, even in the absence of petechiae 
and of positive blood culture, suggested sub- 
acute bacterial endocarditis. Laboratory studies 
included: total protein 7.9 Gm. per cent, with 
an albumin/globulin ratio of 3. 5/4.4; total 
protein 6.9 Gm. per cent, with an albumin/ 
globulin ratio of 3. 5/3.4; total protein 6.9 with 
an albumin/globulin ratio of 3. 4/3. 5. Cephalin 
flocculation tests were 3 plus and 4 plus. She 
left against advice after five weeks. She con- 
tinued to run low grade fever at home in spite 
of daily injections of penicillin in oil and beeswax 
given by her private physician. 

She re-entered the hospital on August 14, 

1 947, because of continuous headache, sleepless- 
ness and fleeting dull aches in the leg muscles, 
together -with paresthesias. Biopsy of skin and 
of gastrocnemius muscle was negative for 
polyarteritis nodosa. Enlarged heart, spleno- 
megaly, systolic murmur and clubbing were 
still present. Diagnosis of subacute bacterial 
endocarditis was confirmed by the finding of 
three successive blood cultures positive for 
Streptococcus viridans one week after admission. 
She received appropriate treatment with peni- 
cillin and developed petechiae in the course of 
therapy. On August 27, 1947, a spontaneously 
precipitable protein was noted in a specimen of 
blood taken for analysis. Total protein was 
6.6 Gm. per cent, with albumin/globulin ratio 
of 3. 8/2. 8. After removal of the precipitate the 
same specimen showed a total protein of 6.6 Gm. 
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per cent, with albumin/globulin ratio of 
3. 0/3. 6. Cephalin flocculation at this time was 
4 plus. On a later specimen total protein was 
7.3 Gm. per cent and the albumin/globulin ratio 
w'as 3. 6/3. 7, wnth 4 plus cephalin flocculation. 
The clinical diagnosis \vas congenital heart 
disease, probably interventricular septum defect, 
in conjunction with subacute bacterial endo- 
carditis. Total penicillin administered in the 
forty-one days from August 23, 1947, to October 
3, 1947, ^vhen she left against advice, was 
82 million units. 

On re-admission from October 5 to October 
17, 1947, for weakness, headaches, paresthesias 
and unconsciousness, she received an additional 
26 million units of penicillin. Angiocardiography 
performed at another hospital later that month 
confirmed the clinical diagnosis of interven- 
tricular septum defect. She is being treated at 
home by a staff member, through \vhose co- 
operation follo^^■-up e.xaminations and blood 
studies have been made possible. The clinical 
condition is good and apparently the subacute 
bacterial endocarditis has been cured. A spon- 
taneously precipitable protein is present in some 
examinations and absent in others. 

In this patient a spontaneously pre- 
cipitable protein appeared when the total 
protein was relatively high, when the 
albumin/globulin ratio was reversed and 
tvhen 4 plus cephalin flocculation was 
present. 

Case v. 'W. 3V., a fifty-eight year old Negro 
male, ^vas admitted to Lincoln Hospital on 
January' 12, 1947, acutely ill with broncho- 
pneumonia and rheumatoid arthritis. Eosino- 
philia of 15 per cent and the finding of a tarry 
stool two days later led to suspicion of poly- 
arteritis nodosa, made stronger by the appear- 
ance later that day of a urea frost and a blood 
non-protein nitrogen of 198 mg. per cent. 
Muscle biopsy, however, was negative. Acidotic 
breathing, massive edema and ascites also . 
appeared. Total protein was 5.4 Gm. per cent, 
Mth albumin/globulin ratio of 2. 9/2. 5. Later 
examinations showed total protein 7.4 Gm. per 
cent, with albumin/globulin ratio of 3.1/4.3 
and 3 plus cephalin flocculation; total protein 
8.4 Gm. per cent, with albumin/globulin ratio 
4.2/4. 2 and plus-minus cephalin flocculation; 
total protein 8.0 Gm. per cent, with albumin/ 
globulin ratio of 3.9/ 4.1 and plus-minus cephalin 


flocculation and total protein 8.0 Gm. per cent, 
with albumin/globulin ratio 3.9/4.1 and plus- 
minus cephalin flocculation. A spontaneously 
precipitable protein appeared during this time. 
After a stormy course penicillin therapy resulted 
in recovery' and the patient left against adt'ice 
on the sixtieth hospital day. Because the blood 
culture of February' 18, 1947, was positive, 
final diagnosis was septicemia caused by hemo- 
K'tic streptococcus. Since only one positive 
blood culture was obtained, the staff was not 
satisfied with the diagnosis and chose to con- 
sider the case as possible polyarteritis nodosa. 
The patient returned for follow-up study' several 
times and a small amount of spontaneously 
precipitable protein was found. He refused 
another muscle biopsy when last seen, about 
nine months ago. 

In this case a spontaneously' precipitable 
protein appeared with the elevation of the 
total protein and the reversal of the albumin 
/globulin ratio, even in the absence of 
strongly' positive cephalin flocculation. Azo- 
temia was also present. 

Case vi. J. S., a sixty'-four year old white 
male, ■was admitted on March 9, 1948, because 
of pains in the legs and a burning sensation in 
the soles of his feet present for five weeks, causing 
such discomfort that he could not rest day or 
night. He had been treated in two other hos- 
pitals since 1941 for a duodenal ulcer, gah* 
bladder disease and myocardial infarction. 
Extensive investigation in 1943 showed a duo- 
denal ulcer \vith marked deformity' of the 
duodenal bulb and crater of the posterior wail. 
In May, 1946 the duodenal ulcer perforated 
and surgical repair was performed. In Jn )j 
1947 and September, 1947 he was treated or 
bleeding ulcer. Blood pressures were 170/ > 

190/110 and 170/100. Urinalyses varied from 
a trace of albumin to 3 plus albumin, "it 
occasional casts, white blood cells and re 
blood cells. Some arteriovenous nicking an 
diminution in the caliber of the fundal arteno es 
were noted. , ^ 

On admission to Lincoln Hospital, Marc ! 
1948, he looked acutely ill, with a 
of 101.4°f. and a blood pressure of 16 / 
Urinaly'sis was negative. Electrocardiogram 
showed evidence of coronary' insufficiency 
3Vhen a spontaneously precipitable^ 
appeared in the first blood specimen with ra" 
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for analysis, the diagnosis of polyarteritis 
nodosa was suggested. Clinical findings of 
hypertension, low grade fever and bizarre com- 
plaints, with the symptoms of peripheral neu- 
ritis, completed the picture. 

On March 15, 1948, total protein before 
refrigeration of the blood specimen was 5.8 Gm. 
per cent, with an albumin/globulin ratio of 
2. 9/2. 9. After refrigeration and removal of the 
precipitate total protein was 5.5 Gm. per cent, 
with albumin/globulin ratio of 2.7/2. 8. Cepha- 
lin flocculation was 4 plus. Blood urea nitrogen 
was 46 mg. per cent and non-protein nitrogen 
was 85 mg. per cent. No eosinophilia was noted. 
Biopsy from the right deltoid region on March 
22, 1948, showed fresh lesions of polyarteritis 
nodosa confirming the earlier clinical diagnosis. 
Urinalysis showed 2 plus albumin, 2 erythro- 
cytes, occasional leukocytes and many granular 
and hyaline casts per high power field. Cephalin 
flocculation tests were persistently 4 plus. Blood 
urea nitrogen remained above 40 mg. per cent, 
with non-protein nitrogens 84, 90, 92, 91, 116, 
73, 78 and — p re- terminally — 112 mg. per cent. 
Other total proteins were 5.4 Gm. per cent, 
with albumin/globulin ratio of 2. 7/2. 7 and 
6.4 Gm. per cent, with albumin/globulin ratio 
of 2. 9/3. 5. The amount of spontaneously pre- 
cipitable protein observable varied from a small 
sediment to a relatively heavy deposit, but it 
was always indisputably present. The patient 
died in a uremic state on the seventy-second 
hospital day, May 20, 1948. Permission for 
autopsy was refused. 

It is noteworthy that in this case the 
putative diagnosis of polyarteritis nodosa 
was made shortly after admission to the 
hospital on the basis of the appearance of a 
spontaneously precipitable protein in a 
patient with bizarre complaints. This diag- 
nosis was made before the characteristic 
clinical course was observed and before 
confirmatory biopsy was obtained in a 
patient who had been carefully studied 
during the course of many admissions to 
another hospital. 

METHODS AND MATERI.ALS 

Blood drawn in the morning before 
breakfast was allowed to clot at room tem- 
perature for several hours. The serum was 


separated by centrifugation. All sera were 
stored overnight in the refrigerator at 4°c. 

Electrophoretic studies on the precipitate 
were carried out in a double-section Tiselius 
microcell (2 ml. capacity) at a concentra- 
tion of 0.5 per cent. The electrophoretic 
study was made at pH 11.7, using a glycine- 
sodium hydroxide Sprensen buffer. At this 
pH the precipitate was judged sufheiently 
soluble for electrophoretic analysis. As a 
control a known sample of gamma globulin 
was run to determine its mobility under 
the same given conditions as the precipitate. 
This micro run also served to demonstrate 
the practicality of using the Sprensen buffer 
for electrophoretic studies. Runs on the 
precipitate were of 162 minutes duration, 
an adequate time interval for separation 
and measurement of the fractions involved. 
Electrophoretic studies on the supernatant 
sera after removal of the precipitate were 
carried out in a double-section Tiselius 
cell (11 ml. capacity) using a pH 7.6 
phosphate buffer (ionic strength 0.2). Elec- 
trophoretic studies without dialysis on fresh 
serum — before and after spontaneous pre- 
cipitation — were likewise carried out. 

Microchemical analyses of the precipitate 
were carried out as follows: The precipitate 
with its supernatant serum was centrifuged 
at 1,500 revolutions per minute at 2°c. The 
precipitate was washed with 5 ml. of water 
at 2°c. and recentrifuged. The same washing 
procedure was repeated and the precipitate 
was resuspended in water and lyophilized. 
Nitrogen determination was done colori- 
metrically by Nesslerization. Phosphorus was 
determined by the method of Fiske and 
SubbaRow. 

OBSERV.ATIONS 

The amount of precipitate found varied 
in all six patients, as well as in any one 
patient under different conditions. The 
following preliminary chemical and physical 
characteristics were common to all precipi- 
tates in all six patients: (1) Maximum 
precipitation occurred after twenty-four 
hours, with little or no precipitation thcre- 
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Fig. 1. Electrophoretic pattern (descending boundary) 
of the irreversible precipitate in Case vi. 


after. (2) On warming the serum to room 
temperature the precipitate did not redis- 
solve. (3) No precipitation or turbidity was 
induced on centrifugation of serum at room 
temperature. (4) The precipitate gave a 
positive xanthoprotein reaction with con- 
centrated nitric acid. (5) The precipitate 
cleared on heating slowly in a water bath 
at about 70°c., and coagulated at about 
80°c. (6) It was not soluble in distilled 
water or in 0.9 per cent sodium chloride. 
(7) On attempting solution in 0.01 sodium 
hydrochloric acid a cloudy solution — or, 
appropriately, a suspension — resulted from 
which no reprecipitation could be obtained 
on standing or on centrifugation. (8) A 
precipitate was noted on treating the 
suspension first described with 22.2 per cent 
sodium sulfate (Howe’s method). 

As a result of these preliminary examina- 
tions we were able to define the precipitate 
as a protein and specifically as a globulin. 

Various technical and practical diffi- 
culties prevented quantitative and electro- 
phoretic studies in our first five patients. 
In the sixth patient these studies were 
performed with the following results: (1) 
The dry weight of the precipitate was 
0.08 Gm. per 100 ml. of serum. This value 
varied in the same patient in different 
stages of the disease. (2) The precipitate 
obtained by centrifugation of the serum 
in the cold followed by several water 
\vashings was increasingly soluble at in- 
creasing pH in the range studied (pH 7 to 
pH 12). It was judged sufficiently soluble 
at pH 11.7 for an electrophoretic run. (3) 
Results of the electrophoretic run on the 
precipitate (Fig. 1) showed it to be a non- 
homogeneous substance with a large slowly 
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Fig. 2. Electrophoretic patterns (ascending boundaries) 
of fresh serum (a) before any precipitation and (b) after 
removal of precipitate in Case 


moving component and at least one fast 
moving component. The calculated mobility 
for the large component was 5.7 X 10 
cm^ /volt /second, and for the smaller one 
7.5 X 10~° cm^ /volt /second. All calcula- 
tions were based on the descending bound- 
aries. (4) Microchemical analyses of the 
precipitate showed the nitrogen content to 
be 13.9 per cent and the phosphorus con- 
tent to be 0.16 per cent. (5) Electrophoretic 
analysis of the supernatant serum after 
withdrawal of the precipitate for electro- 
phoresis revealed the following distribution 
of components in percentage concentration. 


Total protein . . . 

Albumin 

Alpha globulin . . 
Beta globulin . . 
Gamma globulin 


6.4 Gm. % 

37% (normal, 57.5%1 
10% (normal, 14.4%) 
11 % (normal, 

42% (normal, 11 -/%) 


Electrophoretic analysis of fresh un 
dialyzed serum before precipitation, an 
analysis performed after precipitation rc^ 
vealed the following distribution, utilizing 
the ascending limbs of both curves. (Fig- ■/ 
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COMMENTS 

The precipitate described herein differs 
from that noted by Stein and Wertheimer^ 
who reported a precipitate which redis- 
solved at room temperature. This did not 
occur in our patients. In a follow-up report 
Wertheimer and Stein^ described a precipi- 
tate which they termed the “cold fraction,'’ 
to indicate that protein portion of serum 
which precipitates when the serum stands 
for twenty-four hours at 7° to ll°c. In most 
instances reported by these workers the 
precipitate redissolved at room tempera- 
ture. Our precipitate has the same char- 
acteristics as the “cold fraction” plus one 
additional feature — precipitation is irrevers- 
ible on rewarming to room temperature. 
In this respect this fraction is also unlike 
those reported by Lerner and Greenberg,^ 
Atlas et al.,'* Holmberg and Gronwalb and 
Shapiro and Wertheimer.® In addition it is 
unlike the cold-susceptible proteins pre- 
cipitated in multiple myeloma, as reported 
by Bing,'' Wintrobe and ‘Buell® and Von 
Bonsdorff et al.® Lerner and Watson*® and 
Lerner et al.** later introduced the term 
“cryoglobulin” and gave various physical 
and chemical data showing that their pro- 
tein was not unlike a gamma globulin. 
Analysis of electrophoretic patterns and of 
results of the various chemical and physical 
investigations described for our precipitate 
would seem to indicate that it probably 
comprises one or more of the group making 
up the gamma globulin fraction. 

The gamma globulin fraction has been 
found to contain many of tire known anti- 
bodies. A rise in gamma globulin has been 
noted in many infectious diseases. *®’*‘‘ It 
is possible that the elevated gamma globu- 
lin found in our patients, all of whom were 
chronic cases, may be in the nature of a 
“reagin.” In support of tliis postulate one 
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of the etiologic factors in polyarteritis 
nodosa has been thought to be allergic in 
nature. 

In our series of six patients Cases i, n and 
VI were definitely proved to be poly- 
arteritis nodosa. In Case iii exitus followed 
rapidly after admission to the hospital, 
leaving insufficient time for an adequate 
study. In view of the suggestive clinical 
and laboratory data the possibility of 
polyarteritis nodosa definitely cannot be 
eliminated. In Case v the possibility of 
polyarteritis nodosa is also strong. 

SUMMARY 

Studies were made on the serum of a 
proved case of polyarteritis nodosa in which 
the appearance of a spontaneous precipitate 
at 4®c. had been noted. The observed 
spontaneously precipitable protein differed 
from previously reported “cold fractions” 
or “cryoglobulins” in not redissolving at 
room temperature. Electrophoretic studies 
indicated that it is one component of the 
group of gamma globulins. 

The observed spontaneously precipitable 
protein also appeared in other cases — but 
not always — in which there was a reversal 
of the albumin/globulin ratio in the pres- 
ence of a strongly positive cephalin floc- 
culation reaction and of azotemia. The 
total serum protein was not actually 
elevated but it was usually increased from 
a relatively low value to a normal or 
slightly high normal with progress of the 
disease. 

Since this same t>q)e of precipitate had 
been observed in two other proved cases 
of polyarteritis nodosa, the suggestion is 
offered that polyarteritis nodosa should be 
suspected when an irreversible spontaneous 
protein precipitate appears in the scrum of 
a patient with a bizarre clinical picture. 











Spontaneously Precipitable Protein — Lepow et al. 


316 

Acknowledgments. Acknowledgments are made 
to Kenneth Taylor, m.d., Director of Medicine, 
Lincoln Hospital, for his invaluable aid and 
encouragement, making this work possible; 
Dan H. Moore, Ph.D., Columbia University 
College of Physicians and Surgeons, for his co- 
operation in electrophoretic studies and Samuel 
Alpert, M.D., Lincoln Hospital, for his coopera- 
tion in clinical and laboratory investigation of 
Case IV. 

REFERENCES 

1. Stein, L. and Wertheimer, E. A new fraction of 

cold susceptible protein in blood of dogs infected 

with kala-azar. Ann. Trap. Med., 36: 17, 1942. 

2. Wertheimer, E. and Stein, L. The cold susceptible 

globulin fraction of pathologic sera. J. Lab. & 

Clin. Med., 29; 1082, 1944. 

3. Lerner, a. B. and Greenberg, G. R. A homomole- 

cular serum protein with anomalous solubilities. 

J. Biol. Chem., 62: 429, 1946. 

4. Atlas, D. H., Cardon, L., Bumata, J. Note on use 

of Kagan falling drop proteinometer. Am. J. Clin. 

Path.. 13: 21, 1942. 


5. Holmberg, C. G. and Gronwall, A. A new ci^’stal- 

line serum globulin, i^tschr.f. physiol. Chem., 273: 
199, 1942. 

6. Shapiro, B. and Wertheisier, E. Spontaneous 

crystallization of a protein from pathologic 
human serum. Bril. J. Exper. Path.. 27 : 225, 1946. 

7. Bing, J. Further investigations on hyperglobulin- 

emia. Acta med. Scandinav., 103: 547, 1940. 

8. WiNTROBE, M. W. and Buell, M. Hyperprotein- 

emia associated with multiple myeloma. Bull. Johns 
Hopkins Hasp., 52: 156, 1933. 

9. Von Bonsdorff, B., Groth, H. and Packalen, T. 

On the presence of a high molecular crystalliza- 
ble protein in blood serum in myeloma. Folia 
haemal., 59; 184, 1938. 

10. Lerner, A. B. and Watson, C. J. i. Studies of 

cryoglobulins. Am. J. M. Sc., 214; 410, 1947. 

1 1 . Lerner, A. B., Barnum, C. P. and Watson, C. J. 

II. Studies of cryoglobulins. Am. J. M. Sc., 214: 
416, 1947. 

12. Benditt, E. P. and Walker, S. A. Serum proteins 

in syphilis. Am. J. Med., 4; 663, 1 948. 

13. Gray, S. J. and Barron, E. S. G. The electro- 

phoretic analysis of the serum proteins in diseases 
of the liver. J. Clin. Investigation, 22: 191, 1943. 

14. Seibert, F. B. and Nelson, J. W. Electrophoresis of 

serum proteins in tuberculosis and other chronic 
diseases. Am. Rev. Tuberc., 47: 66, 1943. 


AMERICAN JOURNAL OF 


MEDICIN’I^ 



Acute Diffuse Glomerulonephritis* 

Jan Brod, m.d. 

Pr ague, Czechosl ovaki a 


A CENTURY separates us from Bright’s 
classical description of the disease 
which bears his name; since then, 
many attempts at subclassification have 
been undertaken and several syndromes 
have been described, but the etiology and 
pathogenesis of the disease still pose many 
unsolved problems. Much of our present 
knowledge is based on clinical studies from 
the first World War when acute nephritis 
occurred in soldiers in epidemic proportions. 
In the laboratory, however, many recent 
discoveries have been made, both in the 
field of renal physiolog)^ and as a result of 
the experimental production of acute neph- 
ritis in animals. We are faced with a wealth 
of facts but correlation lags behind. 

Anticipating a possible epidemic of 
“trench nephritis” in the recent war, prep- 
arations were made at the 103rd British 
General Hospital in the field for planned 
clinical research. Although no epidemic oc- 
curred, a number of patients were studied 
and these studies seem to throw new light 
on some of the problems involved. 

MATERIAL AND METHODS OF STUDY 

The present report deals with sixty-two pa- 
tients with acute glomerulonephritis, one with 
lipoid nephrosis and three with “nephritis with 
nephrotic syndrome,” making a total of sixty- 
six. They were observed between May, 1943. 
and June, 1945, nine in North Africa and the 
rest in Italy. Only fourteen were direct admis- 
sions, the remainder being transferred from 
forward medical units. The patients were all 
.soldiers, fifty-six from the United Kingdom, si.x 
from enemy prison camps and four from 
elsewhere. 

Routine history reporting included a thorough 
inquiry into the patient’s condition of health 


during the four weeks preceding the onset of 
acute nephritis. An ophthalmologist’s opinion 
was obtained in the event of any suspected or 
obvious abnormality of the eyegrounds. A fluid- 
balance chart was maintained on all patients. 
The blood pressure, urinary deposit and ery- 
throcyte sedimentation rate \vere checked about 
once a week, more frequently or daily when in 
a phase of rapid change. Hemoglobin (Sahli), 
hematocrit values, and serum proteins (copper 
sulfate method) were estimated occasionally. 

The following tests were used for the assess- 
ment of renal functions; (1) Dilution. The pa- 
tient, after emptying his bladder, drank 2 pints 
of water within one-half to three-quarters of an 
hour. Specimens of urine were then collected 
hourly over the next four hours. The test was 
considered satisfactory if the total volume of 
urine passed exceeded 900 cc. and if the specific 
gravity dropped to 1.002 or below. (2) Con- 
centration. Fluid deprivation was carried out 
for thirty-six hours, ending at 6 a.m. Normal 
concentration was indicated by a rise in specific 
gravity to at least 1.028. (3) Blood urea. Values 
up to 40 mg. per cent ^vere considered normal. 
(4) Urea clearance. (5) Endogenous creatinine 
clearance. As inulin, considered to be a non- 
threshold substance with a clearance equal to 
the glomerular filtration rate, was unobtainable 
in the field, endogenous creatinine clearances, 
which are thought to be sufficiently near this 
value to warrant conclusions, were estimated 
instead. The amount of creatinine in the speci- 
mens was measured by the method of Popper. 
Mandel and Mayer^ using a photoelectric 
colorimeter. The usual test consisted of three- 
hourly readings over a period of twenty-four 
hours, the curve so constructed giving a clearer 
picture of events than a single reading over a 
short time." Normal curves exhibit marked 
fluctuations, the rale of filtration varying be- 
tween about 80 and 180 cc. per minute: the 
higher readings usually occur during the first 
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part of the day, the lower ones at night. Tubular 
reabsorption of water was calculated by sub- 
tracting the known volume of urine from the 
estimated volume of glomerular filtrate in unit 
time and is expressed as a percentage of the 
filtrate. In normal subjects this percentage is 
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Fig. 1. Seasonal incidence of glomerulonephritis. 


remarkably constant, being close to 99 per cent 
and rarely falling below 98 3 per cent unless the 
body is flooded with water. Reabsorption of 
98 per cent of the filtrate is equivalent to a U/P 
ratio of 50, 99 per cent to a U/P ratio of 100 
and 99.5 per cent to a U/P of 200. 

HISTORY 

Table i shows the incidence and nature of 
preceding infection in those of the present 
series. Some infection was found in fifty- 
eight of sixty-six cases, 87.8 per cent. The 
significant period was considered to be the 
thirty days preceding the onset of nephritic 
symptoms. The term “infection” includes 
simple sore throat, coryza, septic skin con- 


ditions and diarrhea, the last often being 
due to Flexner or to allied bacilli prevalent 
in the Mediterranean area. In a control 
series of one hundred unselected hospital 
patients a past history of infection during 
the same interval was present in 46 per cent 
Tonsillitis and infections of the upper 
respiratory tract were most frequent This 
probably accounts for the high incidence of 
acute glomerulonephritis during the winter 
quarter (Fig. 1), thirty of fifty- two patients 
seen between May, 1944 and April, 1945 
presenting themselves between December 
and March. 

The interval between the beginning of 
the infection and the first manifestations of 
acute glomerulonephritis averaged 16 5 
days. The figures represent the upper limit 
as the interval has been calculated from the 
first day of the preceding infection. More- 
over, there is probably a time-lag between 
the first clinical manifestations of nephritis 
and the onset of the disease. One patient 
(Case 47) had an extensive vascular nevus 
involving the whole of the right upper limb 
and shoulder girdle. Sore throat occurred 
on January 1, 1945, and on the 14th he 
complained of lassitude and slight breath- 
lessness on exertion. Eight days later the 
part of the body affected by the nevus be- 
came edematous, but edema did not become 
generalized until seven days later, i-c j 


Table i 


INCIDENCE AND NATURE OF PRECEDING INFECTION IN ACUTE GLOMERULONEPHRITIS 


Preceding Infection 

No of 
Patients 

Per cent 

Longest 

Interval 

Shortest 

Interval 

Average 

Interval 

Tonsillitis 

23 

34 8 

30 days 

0 days 

15 6 dais 

Coryza 

16 

24 3 

30 days 

2 days 

18 3 da)S 

Diarrhea 

10 

15 1 

30 days 

1 day 

1 6 0 

Septic skin 

5 

7 6 

30 days | 

5 da>s 

16 3 

Alveolar pyorrhea 

1 


Present for 3 months 

Pansinusitis 

1 


1 Present for 12 years, 

1 / aa)> 




operation 7 days 





previously 


Bronchopneumonia 

1 




i) aa>i* 

Gonorrhea 

1 





No historj' of infection 

8 




— 

Total No. of patients 

66 

87 8 

30 days 

0 da>s 

16 5 davs 

History of infection 

; 58 

1 
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fifteen days after the first symptoms and 
twenty-nine days after the onset of tonsillitis. 
It is clear that the tendency toward edema 
was present one week before it beeame obvi- 
ous in those parts of the body where the 
capillaries were not, a priori, abnormal. 

An interesting feature was the association 
of acute glomerulonephritis with typical 
rheumatic fever in six instances. The latter 
preceded the first manifestations of neph- 
ritis by fourteen to seventeen days in four 
patients, followed them by thirteen days in 
the fifth and commenced simultaneously 
with nephritis in the sixth. Two of these 
patients had Schoenlein-Henoch’s rheu- 
matic purpura and another developed 
urticaria four days before onset of the first 
symptoms of acute glomerulonephritis. 

CLINICAL FEATURES 

Tables ii and in summarize the symptoms 
and signs encountered, with their relative 
frequency, time of appearance and duration 

General Constitutional Symptoms. These 
symptoms were present to some extent in 
the majority of subjects. Headache occurred 
in about one-half, backache in about one- 


third and lassitude in one-fifth; these symp- 
toms could not be traced to any specific 
phase of the morbid picture. Nausea and 
vomiting, which occurred at the onset in six 
patients, were always associated with an 
increased blood urea concentration al- 
though the reverse was not true. Vomiting 


Table ii 

PRESENTING SYMPTOMS OF ACUTE GLOMERULONEPHRITIS 
IN ORDER OF FREQUENCY 



Incidence 

Symptom 



No. 

Per 

cent 

Edema 

49 

42 

74 2 

Dyspnea 

63 6 

Headache 

32 

48 0 

Macroscopic hematuria 

26 

39 3 

Backache 

22 

32 0 

Oliguria (observed by the patients) . , . 
Lassitude 

13 

13 

19.6 
19 6 

Exaggerated thirst 

11 

16 0 

Fever 

9 

13.6 

Frequency 

7 

10.0 

Vomjting^ 

6 

9 0 

Dysuria 

3 

4.5 

Rpistavis 

2 

3.0 


1 



Table ni 

SIGNS OF ACUTE GLOMERULONEPHRITIS 



Incidence 

Present 

Appeared 

Sub- 

sided 

j 

i 

In Instances in Which It 
Subsided 

Sign 

No. 

of 

Instances 

Per 

cent 

at 

Onset 

Subsequent 
to Onset 

Shortest 

Duration 

(days) 

— 

Longest 

Duration 

(days) j 

1 

Average 

(days) 

Oliguria 

47 

71.2 



! 

45 


54 

21.5 

Anuria 

2 

3.0 


1 

, 2 


2 

64.0 

Albuminuria 

66 

100.0 


1 . 



145 

Hematuria 

64 

96. 9j 



1 20 


f 167 

72.4 

Granular casts 

58 

87.8 

47 

5 

25 

5 

139 

51 .7 

Edema 

60 

90.0 

55 

5 

52 

2 

122 

34.8 

Pleural effusion 

3 

5.0 

3 


3 




PericarHial efTnsinn ... 

1 


1 


1 




Ascites 

1 


1 


1 

7 


37.6 

20.3 

Hypertension 

57 

86. 3i 

51 

6 

55 

Dyspnea 

43 

65.1 

42 

1 

43 

7 


Pulmonary edema 

8 

12.1 

5 

3 





Hypertensive encephalopathy 

Retinal rhanres 

3 1 

7 

4.5 

10.0 


3 

5 

i 




23 

71.9 

21 

2 

23 

1 ? 

1 , 




— — — 

1 


1 

i 1 
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also heralded all attacks of hypertensive 
encephalopathy. 

Oliguria. Oliguria was noted at the 
onset in three-quarters of the patients. 
Anuria lasting one to two days occurred in 
only two instances. 

Urinary Findings. Albuminuria, hema- 
turia and casts were usually persistent and 
in the majority of patients were still present 
when they were evacuated. Granular casts 
and renal epithelial cells were present in 
the urine at the onset in over fifty patients. 
Dysuria and frequency occurred in twelve 
patients. All of them had marked albuminu- 
ria and macroscopic hematuria and in 
addition four had a moderate number of 
pus cells. 

Edema. Edema had the usual features 
of a “nephritic” hydrops; it was accom- 
panied three times by clinically identifiable 
pleural effusion, once by pericardial effusion 
and once by ascites. On the average it 
lasted 34.8 days and subsided in all but the 
three patients ^vith “nephritis with neph- 
rotic syndrome.” It was frequently the first 
manifestation of disease, but in eleven pa- 
tients it followed other symptoms by four 
to twenty-one days. 

Hypertension. Hypertension was present 
in fifty-seven patients and was maintained 
for an average of 37.6 days; it was usually 
mild or moderate but reached 200 mm. 
Hg systolic or above in nine patients. The 
highest reading was 215/130 mm. Hg. It 
was accompanied by some degree of breath- 
lessness in forty patients; dyspnea occurred 
independently only twice and ^vas associ- 
ated with gross edema. While no regular 
relationship could be established between 
breathlessness and edema, there was no 
doubt about the relationship between breath- 
lessness and hypertension. In most instances 
it occurred only on exertion and disap- 
peared shortly after the patient had been 
put to bed, but five patients developed 
acute pulmonary edema and three had 
numerous basal rales. Excluding two pa- 
tients in whom there was reason to suspect 
previous hypertension, no signs of left 
ventricular hj’pertrophy were found. Elec- 


trocardiograms were taken occasionally and 
were within normal limits. 

Hypertensive Encephalopathy. Hypertensive 
encephalopathy complicated three instances 
of the disease and occurred on the seventh, 
twelfth and fourteenth day. It was heralded 
by severe headache, vomiting and a sharp 
rise in blood pressure. Two of the patients 
had one attack only, the third had three 
attacks. One was treated with venesection, 
the other two with sedatives and all re- 
covered promptly. 

Retinal Changes. Retinal changes tvere 
observed in seven patients. All had con- 
siderable hypertension, ranging from 175/ 
100 to 205/130 mm. Hg. Two had retinal 
hemorrhages only, three had papilledema 
and two presented a typical picture of 
“hypertensive neuroretinopathy.” The fundi 
in those patients ^vith only hemorrhages or 
papilledema returned to normal while the 
patient was still under observation, whereas 
“hypertensive neuroretinopathy” persisted 
and was still present in the two patients so 
afflicted when they were evacuated, several 
months after the acute stage had subsided 
and long after the blood pressure had re- 
turned to normal. In all other respects both 
patients seemed to have typical acute 
glomerulonephritis; there was no evidence 
of a previous attack or of previous hyper- 
tension; routine urinary examination was 
said to have been performed on enlistment 
with negative results. 

RENAL FUNCTION TESTS 

Blood Non-protein Nitrogen. The blood 
non-protein nitrogen was elevated at the 
onset in twenty-three of the thirty-two 
patients in whom it was determined, in 
about one-half of them it quickly returne 
to normal but remained elevated Hter one 
month in eight patients and after sixty days 
in four. 

Dilution Test. This test usually demon- 
strated fluid retention in the initial stage- 
Although slight diuresis, with a fall ° 
specific gravdty' to 1.002 or beloiv, was 
usually detected during the first hour or 
two, this soon stopped and the total outpu 
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was below normal. This behavior suggests 
that the failure to dilute at this stage was 


not due to the kidneys, which evidently re- 
sponded properly to the stimulus, but to 
changes in fluid balance. In the later stages 
similar behavior was encountered in eight 
patients, pointing again to fluid imbalance. 
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2. All the patients recorded here were in 
satisfactory fluid balance. In the group with 
renal epithelial cells or granular casts in 
the urinary deposit, which are indicative of 
a severe degenerative process in the tubular 
epithelium,® satisfactory concentration was 
achieved only four times in seventy in- 



1010-12 

101ii-19 1020 

1021-23 I02lt-25 

1026-29 lOSO-Sir 


HIGHEST SPECIEIC 

GRAVITY IN COlCENTRATiaN 

TEST 


Albumen 

Red cells 

Granular Costs 

H 

1 Present | 

1 Absent or occasional 1 

1 Absent 1 

fS 

1 Present I 

1 Present | 

Absent or octosional 1 






ilH 

1 Present I 

1 Present | 

1 Present | 


Fig. 2. Relationship of concentrating power and urinary findings. 


No response to fluid ingestion occurred in 
five patients and the specific gravity of the 
urine remained fixed. In these patients 
there was additional evidence indicating 
serious renal damage. 

Only fifteen patients in the whole series 
showed an impaired water dilution test, 
which may be related to the relatively small 
proportion of direct admissions. 

Concentration Test. On the other hand, 
the concentration test revealed impaired 
function in forty-three patients, even as 
early as the third day. Improvement in this 
respect was poor and slow, the figure re- 
maining virtually unchanged until final 
disposal in twenty-four patients and return- 
ing to normal in only nine; in ten there was 
some improvement over the period of ob- 
servation and in six there was deterioration. 
All five patients who were unable to dilute 
had very restricted concentrating power, in 
four amounting to isosthenuria. That loss 
of concentrating power is directly related 
to tubular damage can be seen from Figure 
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stances while in the group with only 
albumin and/or erythrocytes in the urine, 
both of which are thought to be of glomeru- 
lar origin, normal concentrating power 
was recorded in twenty-seven of fifty-six 
instances. 

As both dilution and concentration arc 
functions of the renal tubules, the greater 
impairment of concentrating power needs 
explanation for thirty-eight patients with 
impaired or abolished concentrating power 
diluted normally. The discrepancy is proba- 
bly due to dissociation of these t\vo tubular 
functions, concentrating power being im- 
paired in renal disease earlier than diluting 
power. Evidence is accumulating that the 
concentrating power depends upon the 
functional integrity of the distal tubule, the 
water re-absorption of the proximal tubule 
proceeding isosmotically,'* a process for 
which Smith® suggested the name of “ob- 
ligatory reabsorption.'’ This process nor- 
mally accounts lor the conser\'ation to the 
body of about 87 per cent of the water 
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filtered through the glomeruli. It is, how- 
ever, in the distal tubule that by a process 
of “facultative reabsorption” the remaining 
13 per cent of the filtrate undergoes an 
osmotic change, water reabsorption pro- 
ceeding against the osmotic gradient created 


were submitted to a second concentration 
test, during which 1 cc. of pituitrin was 
injected subcutaneously every two hours. 
Sensitivity to the antidiuretic action of 
pituitrin was previously established by 
observing its effects on the dilution test. In 


Table iv 

EFFECT OF PITUITRIN ON IMPAIRED POWER OF CONCENTRATION 


Dilution Test 


Concentration Test 


Case 

No. 

Total Volume 
of Urine (cc. 
excreted in 4 Hr.) 

Lowest Specific 
Gravity 

Total Volume 
of Urine (cc. 
in 24 Hr.) 

Highest Specific 
Gravity 

Maximal Reabsorpi- 
tion in Per cent of 
Glomerular Filtrate 

Ordinary 

Test 

With 

Pituitrin 

Ordinary 

Test 

With 

Pituitrin 

Ordinary 

Test 

With 

Pituitrin 

Ordinary 

Test 

With 

Pituitrin 

33 

755 


1.000 


1840 

n 

1.024 

1.019 

99.5 

32 

■EM 

210 

1.000 

1.020 

890 


1.018 


99.6 

28 

■■■ 

230 

1.000 

1.016 

1060 


1.020 


99.5 

51 


400 

1.000 

1.010 

1010 

980 

1.020 

1.016 

99.4 

47 

640 

390 

1.000 

1.015 

1345 

1125 

1.014 

1.016 

99.0 



220 

1.000 


560 


1.024 

1.017 

99.5 

45 

915 

315 

1.000 


1035 

540 

1.020 

1.022 

99.5 

43 


250 

1.000 

1.010 

1600 

1050 

1.024 

1.018 

99.4 

52 

1280 

240 

1.000 


940 

900 

1.016 

1.015 

99.7 

34 



1.000 


1295 

1310 

1.020 

1.015 

99.3 

37 

1035 

285 

1.000 

1.016 

1090 

1050 

1.018 

1.022 

99.3 

31 



1.000 


1240 

1065 

1.015 

1.015 

99.0 

39 

1750 


1.000 


850 

1090 

1.022 

1.024 

99.3 

56 

1525 


1.002 


700 

700 

1.020 

1.020 

99.5 


by urea, salt and other unreabsorbed sub- 
stances. It is this distal tubular searment 
which seems to respond to the requirements 
for water, conserving up to 99.8 per cent 
of the filtrate in cases of dehydration and 
rejecting up to some 13 cc. of every 100 cc. 
of filtrate under conditions of maximum 
hydration. This function is to a great extent, 
but not entirely,® under the influence of the 
antidiuretic hormone (ADH) of the posterior 
lobe of the pituitary. The poor results of 
the concentration test consequently could 
be due either to failure of the pituitary to 
respond to conditions of dehydration or to 
a lack of sensitivity or inability of the distal 
tubular cells to respond to tlie stimulus of 
an antidiuretic hormone. 

To examine the matter further fifteen 
patients with poor concentrating power 


all instances tested pituitrin could prevent 
water diuresis. (Table iv.) The maximum 
concentrating power, however, remained 
unaffected and in a few instances was 
slightly less with pituitrin than without its 
use. The total output of urine in the con- 
centration test diminished further under 
the influence of pituitrin only in one-half 
of the patients, indicating that in the re- 
mainder the tubules may have been sub- 
jected to the maximum effect of endogenous 
ADH during the first concentration test 
without pituitrin. 

From these observations it may be in- 
ferred that the inability to concentrate m 
acute nephritis is not due to .some is 
turbance in the secretion of the ADH nor 
is the distal tubule insensitive to the anti- 
diuretic action of this hormone. Further 
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evidence that there is no failure to reabsorb 
water in acute nephritis will be presented 
later. The loss of concentrating power 
therefore points to impairment of the 
osmotic function of the distal tubule alone, 
which suffers long before there is any reduc- 
tion in the capacity to dilute. 
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With organic destruction of glomeruli, as 
seen in chronic nephritis, the filtration rate 
falls below the normal level and to main- 
tain as normal a function as possible all the 
available glomeruli have to function con- 
tinuously at a maximum rate;® variations 
are minimal and the curve is rigid. (Fig. 3c.) 
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GLOMERULAR SURFACE 


' Glomerular filliralion over Ibree hour periods in Ibe course of m hours. 

Tubular reabjorphon expressed as percentage of filtrate, 

— • — • — Volume of urine voided 

Fig. 3. Curves of glomerular filtration, tubular reabsorption 'of water and diuresis over a twenty-four-hour period; 
a, normal kidneys; slight degree of restriction of glomerular surface; c, contracted kidneys. 


Endogenous Creatinine Clearance. Creatin- 
ine clearance was measured over successive 
three-hour periods for twenty-four hours in 
seventy-nine instances and on forty-seven 
patients. Smith' has deduced from observa- 
tions of glucose Tm on normal human 
kidneys that there is probably no reserve of 
active glomeruli. The extent of glomerular 
activity depends, however, on hemody- 
namic changes in the kidney and varies 
according to the body requirements. Con- 
sequently, curves of glomerular activity 
constructed over a twenty-four-hour period 
will show marked fluctuations. (Fig. 3a.) 


This may also happen in acute glomeru- 
lonephritis when sufficient numbers of 
glomeruli are out of action. In these pa- 
tients significant elevation of blood urea 
above 40 mg. per cent did not occur until 
glomerular filtration was fixed below 50 
cc./min. In less severe cases, as judged by 
other tests, the level of glomerular filtration 
was somewhere near the lower limit of 
normal and in milder cases fluctuation 
appeared (Fig. 3b). suggesting a \'ariabiJity 
in glomerular activity. In our series filtra- 
tion was invariably normal (fourteen in- 
stances) when there was albuminuria alone 
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or with slight hematuria but no granular absorption of water was calculated from th 
casts, and when the concentration test was filtration rate and urine flo^v in all in 


normal. When granular casts were associ- 
ated with similar findings, filtration was 
normal in eight instances and relatively 
fixed in the neighborhood of the lower limit 
of the normal in five. When impaired con- 
centration was present, however, filtration 
was normal in twelve instances, relatively 
fixed near the lower limit of normal in 
twenty-one, below this limit but showing- 
fair fluctuation in fifteen and low and rigid 
in four; in other words, it was abnormal in 
forty of fifty-two instances. It is to be noted, 
however, that filtration was normal in 
twelve instances (ten patients) in which 
concentration was impaired, whereas con- 
centration was never normal when filtration 
was impaired although it was normal in five 
instances in which filtration was relatively 
fixed but still within the normal range. 
This indicates again that the concentrating 
power is a very sensitive function and proba- 
bly the first indicator of a tubular disturb- 
ance which, as Earle, Taggart and Shannon® 
have demonstrated, generally accompanies 
a reduction of filtration rate. 

In following the course of sixteen patients 
with impaired filtration when first meas- 
ured, serial filti’ation curves returned to 
normal within one to four months in eight 
instances, improved in two others and 
remained more or less static in the remain- 
der. Of those ^vhom returned to normal, 
five still had granular casts and two also 
showed impaired concentration. When fil- 
tration curves remained fixed although not 
necessarily below the lower limit of the 
normal, granular casts were always found, 
and impaired concentration occurred in 
six of eight patients. Nor was it possible to 
predict the course of filtration by the nature 
of the filtration curve; thus two patients 
with initially rigid and low values returned 
rapidly to normal, and the tendency toward 
recover)" ^vas the same whether early filtra- 
tion levels were low but retained fluctuation 
or whether they were ^s'ithin normal limits 
but relatively fixed. 

Tolal Tubular Reabsorption. Tubular re- 


stances. Its reduction and increase in varia 
bility is one of the most constant features i) 
chronic nephritis in which glomeruli havi 
lost all adaptability and the only remainins 
regulating mechanism is tubular, (Fig. 3c.) 
Chasis and Smith^® produced evidence tha 
this reduction of reabsorption in nephriti 
is attributable in part to reduction in tlv 
“obligatory” reabsorptive process, perhap 
through failure to reabsorb electrolyte 
proximally, thus producing osmotic diure 
sis. In acute glomerulonephritis, however 
the total tubular reabsorption of water i: 
usually normal and was found so in 80 pei 
cent of those in the present series. Ever 
when abnormal, reduction was usuall) 
slight and rarely fell below 96 per cent 0 
the filtrate (U/P = 25). We have pointed 
out the failure to concentrate is not due tc 
an inability of the distal tubule to respond 
to an ADH stimulus. This is further borne 
out by our data on reabsorption of water 
in fourteen instances of acute glomeru- 
lonephritis witli impaired concentrating 
power. (Table i\\) In all cases tubular re- 
absorption could reach the normal maxi- 
mum level (99 to 99.7 per cent). Conse- 
quently, in none of them was there a failure 
of “facultative reabsorption” of w'atcr, but 
this process lost its efficiency due to the 
inability of distal tubular cells to produce 
osmotic work. 

Urea Clearance. Urea clearance pi'ovidc 
little additional information to that given by 
the filtration curves. In few instances uas 
it found below 60 per cent of the norma 
average and never below 40 per cent. Gold- 
ring and Chasis“ have shown that on a 
constant protein diet the blood urea vanes 
inversely with the urea clearance, ^ as it 
should in theory. Conditions in a militar) 
hospital, however, made it impossible to 
eliminate all the possible factors which tone 
to obscure this relationship. 

OTHER TESTS 

As seen in Figure 4 the erydirocytc sedi- 
mentation rate (E.S.R.) was almost m 
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variably raised in the initial phase, often 
considerably. It fell to lower levels in 
harmony with clinical improvement but 
reached normal only when the patient was 
cured or left with but minor urinary 
changes. Some of the curves show a clear 
division into two phases; the first sloping 
steeply downward in association with rela- 
tively rapid subsidence of hypertension and 
edema, the second rather horizontal and 
parallel with the much slower improvement 
in concentration and urinary findings. 
The degree of acceleration of the E.S.R. in 
this latter part of the graph was propor- 
tional to the severity of the renal lesion, 
being highest when renal function was 
grossly impaired and abnormal ingredients 
in the urinary deposit were conspicuous, 
and lowest when renal function was 
normal and the urine showed little but 
albuminuria. (Fig. 5.) 

The blood picture was rarely altered, 
hemoglobin being below 80 per cent on five 
occasions and below 70 per cent once. 
Slight polymorphonuclear leukocytosis was 
detected occasionally at the onset. Observa- 
tions on serum proteins and hemocrit values 
were too few to warrant any conclusions. 

PARTIAL SYNDROMES 

While the great majority of cases were 
characterized by transient hypertension and 
edema, by impaired glomerular filtration 
with or without retention of non-protein 
nitrogen, by hematuria and albuminuria 
and by poor concentration and granular 
cases in the urine, i.e., by all the well known 
features of the disease, a limited number of 
patients revealed or developed only part of 
the picture. As it is thought that these in- 
stances throw light on the pathogenesis of 
acute glomerulonephritis they will be de- 
scribed in more detail; 

Hypertensio7i and Edema without Nephritis: 

Case 18. The patient was a man aged 
twenty-eight. He had been treated in this hos- 
pital for hiccough thought to be due to basal 
pleurisy in April, 1944. On June 10, 1944, he 
developed breathlessness on exertion. On the 
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15th he noticed a “blotchy” rash on both legs 
which subsided after forty-eight hours. On the 
17th painless swelling appeared in both legs and 
three days later his face became puffy and he 
was admitted to the hospital. 

On examination his temperature was 99.2°f. 



Renal funclions iidl unpaired, when casci were evQCualed 

Early hypertension tasted more IKan on* monlb 
— — Renol funclioo siill unpaired, when cases were evacuated 
Ear^ hyperlens’oo lasted Itss than one month 

' o Caus which recovered compidcly or were left ''■'Ih alw-irtro 

Cwilb or without occasional red tells ) only 
Fiqurts reprttff* mmUr o^ 

Fig. 4. Progress of changes of the erythrocyte sedimenta- 
tion rate in the course of the disease, grouped according 
to the duration of the acute stage and the final outcome. 

His face, sacrum and both legs were edematous 
and his blood pressure was 170/95. Venous 
pressure was normal and no abnoi-mality was 
detected in the heart, lungs, central nervous 
system or ocular fundi. Contrary to expectation, 
examination of the urine disclosed no ab- 
normality; there was no albumin and no 
abnormal elements were found in the urinar)' 
deposit. The E.S.R. was 14 mm. (Wintrobe), 
white blood cells numbered 5,350 per cm. 
(polymorphonuclears, 47 per cent, lympho- 
cytes, 52 per cent; monocytes, 1 per cent) and 
blood urea, 28 mg. per cent. 

He had marked oliguria, passing on June 22nd 
only 100 cc. of urine in twenty-four hours. He 
was treated by a forty-eight-hour period of com- 
plete food and fluid starvation tjune 21. st and 
22nd), followed by a period of restricted fluid 
intake and low protein diet. Hypertension per- 
sisted until June 23rd; on June 24th it fell to 
145/85 and on the 25th to 135 90 and eventu- 
ally settled around 105/70. Parallel with its fall, 
edema started to disappear and diuresis in- 
creased correspondingly, the volume of urine 
c.xcccding the fluid intake by 1.100 cc. on 
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June 26th. The subsequent course was unevent- 
ful and he was clinically normal by the first week 
of July although a faint trace of albumin could 
be detected occasionally in the urine. Repeated 
examinations of the urinary deposit revealed no 
abnormal ingredients and all routine renal 
function tests remained normal throughout. 


developed general malaise and lassitude. Five 
days later he had a rigor and \\'as sent to the 
hospital. On admission the temperature was 
100°F. and a blood smear revealed moderate 
Plasmodium vivax infection. The urine, how- 
ever, contained obvious blood, and microscopic 
examination revealed many granular and er>'- 



Fig. 5. Relationship of the erythrocyte sedimentation rate and the degree of renal changes. 


Here then was a patient with oliguria, 
edema and hypertension who in the last two 
respects behaved like a patient with acute 
glomerulonephritis, yet in \vhom there was 
no evidence of renal involvement at the 
height of these manifestations; in the subse- 
quent course, very slight and occasional 
albuminuria indicated tliat glomerular cap- 
illaries were rendered slightly more per- 
meable by the pathologic process. 

Acute Xephriiis without Hypertension or Edema: 

C.\sE 14. The patient was a man aged 


throcyte casts. There was no edema; blood 
pressure was 100/65; blood urea w'as 48 mg- 
per cent. Fever responded to routine quinine 
and mepacrin therapy but the urinar)^ findings 
persisted unabated. The urine output was 
markedly below the fluid intake w'hich was 
maintained at 3 pints daily on account o 
malaria. On August 18th the volume of urine 
was only 260 ec. in twenty-four hours, mt 
edema could not be detected. Both dilution an 
concentration tests gave highly abnormal re 
suits; there w'as no attempt at diuresis following 
2 pints of ingested fluid and the highest spcci ic 
gravity in the concentration test did not exccci 


tlurty-four. He had a sore throat during the 1.016. , 

first week of July, 1944. On August 6th he Macroscopic hematuria subsided by the cn 
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of August, but albuminuria and microscopic 
hematuria with granular and epithelial casts 
persisted throughout the four-months period of 
observation. At the time of the patient’s evacua- 
tion to the United Kingdom toward the end of 
December, 1944, renal functions were still 
grossly impaired; the highest specific gravity 
of urine in the concentration test was 1 .020, the 
lowest in the dilution test, 1.005; the blood urea 
was 50 mg. per cent and the urea clearance 58 
and 62 per cent of the normal standard, with 
a rigid low curve of glomerular filtration around 
50 cc. in one minute as measured by endogenous 
creatinine clearance; tubular reabsorption was 
still diminished, swinging between 95.8 and 
98.6 per cent of the filtrate. Apart from poor 
concentration of dye, intravenous pyelography 
did not show anything abnormal and urine 
eultures were repeatedly sterile. Despite evi- 
dence of considerable renal damage, the blood 
pressure remained at 110/70 throughout and 
edema was never detected. 

Case 37, admitted in January, 1945, was 
similar to Case 14. The picture was that of 
glomerulonephritis following febrile coryza, 
with urinary findings the same as in the previous 
patient. The highest specific gravity in the con- 
centration test was 1.015 and there was marked 
oliguria; despite these findings there was neither 
edema nor hypertension. At this stage glomeru- 
lar filtration was below normal and almost rigid, 
fluctuating between 55 and 85 cc./min.; tubular 
reabsorption was also lowered (96.3 to 98.5 per 
cent). The E.S.R. was 31 mni. per hour. After 
remaining in this condition for about two 
months the patient began improving slowly; the 
E.S.R. settled to normal levels in April, 1945, 
and at the time of his evacuation at the be- 
ginning of June, 1945, four months after the 
onset of his illness, he was left only with slight 
albuminuria and a few red cells and epithelial 
cells in the deposit; there was concentration to 
1.028 and dilution was perfect; the filtra- 
tion curve and tubular reabsorption became 
normal. 

These two patients presented a picture 
of acute renal disease with all the charac- 
teristics of acute glomerulonephritis but in 
whom hypertension and edema were absent 
throughout in spite of severely impaired 
renal function and marked oliguria for at 
least seven days in both instances. Case 9 
forms a link for it was similar to the last two 
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except that in the fourth week of illness 
fleeting edema was detected in both legs. 

The details of two other cases are also 
worthy of note: 

Case 42. The patient, a man aged thirty- 
two, had several boils on his neck since March, 
1945, and at the beginning of April developed 
hidradenitis axillaris. He became febrile on 
April 13th, with associated backache, and the 
next day he noticed that his urine was blood- 
stained and he complained of slight dysuria. 
On that day he was admitted to the hospital. 
The temperature was 101°f. Apart from the skin 
condition, physical examination revealed noth- 
ing abnormal; there was no edema and the 
blood pressure was 115/70. The urine contained 
albumin, large numbers of red cells, a few 
hyaline casts and renal epithelial cells. Urine 
culture was repeatedly sterile. White blood cells 
during the febrile stage numbered 6,900, 59 per 
cent being polymorphonuclears. After a few 
days the temperature settled and macroscopic 
hematuria subsided, but albuminuria with red 
blood cells, hyaline casts and scanty granular 
and epithelial casts in the deposits became a 
permanent finding and persisted at the time of 
his evacuation to the United Kingdom four 
months later. By then the boils had been healed 
for six weeks. Oliguria was absent throughout, 
the filtration curv'e was always normal, and 
only on one occasion, t\vo weeks after the onset, 
was concentration power reduced, and then but 
slightly, the highest specific gravity reached 
being 1.025; four weeks later even this ab- 
normality disappeared. 

Case 39 ^vas similar, except that no preceding 
infection could be traced. This patient was also 
febrile at the onset, had red blood cells and 
granular casts in the deposit, but no oliguria, 
no hypertension and no edema. The only func- 
tional abnormality was inability to concentrate 
above 1 .024 during the second month of illness. 
At the time of his evacuation, five months after 
the onset, he still had marked albuminuria with 
microscopic hematuria and occasional renal 
epithelial cells in the dcpo.sit. 

It is difficult to deny that these were in- 
stances of acute nephritis, especially as 
repeated urine cultures, blood counts and 
intravenous pyelograms were normal. All 
were soldiers who had had their urine 
examined on joining the Army and whose 
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physical condition had been repeatedly 
checked in the past. 

It is possible to draw certain conclusions 
from these studies; First, it seems certain 
that hypertension, edema and oliguria can 
develop without evidence of a renal lesion. 
Second, a renal lesion having all the charac- 
teristic features of acute glomerulonephritis 
and accompanied by marked oliguria can 
develop without edema or hypertension. It 
follows that these two syndromes, although 
usually simultaneous, may exist independ- 
endy of each other. 

Nephrosis: Three patients will be described 
who were dominated by persistent edema 
and heavy albuminuria; the first two would 
ordinarily be regarded as examples of ne- 
phritis with nephrotic syndrome, the last as 
“pure nephrosis.” 

Case 12. The patient, a Ceylonese aged 
twenty-six, fell ill September 10, 1944, with 
general malaise, fever and marked painless 
swelling of both legs, sacrum and face. He w’as 
admitted to the hospital on the same day. Apart 
from edema, investigation revealed nothing 
abnormal. The blood pressure was 100/65 and 
remained about the same throughout the period 
of observation. The urine was loaded with 
albumin and the deposit contained scanty red 
blood cells, hyaline casts and fairly numerous 
leukocytes and renal epithelial cells. Concentra- 
tion was up to 1.026. The blood urea was not 
estimated at the onset but later was repeatedly 
about 30 mg. per cent. The initial edema tended 
to subside within the first four weeks but re- 
curred in the sixth week and from then on 
remained stationary with minor variations 
throughout the three-months period of observa- 
tion. The urine remained loaded with albumin 
and the deposit persistently showed about 5 red 
blood cells per high power field, hyaline and 
granular casts and renal epithelial cells. In 
spite of edema the dilution test was satisfactory 
on several occasions; concentration, however, 
deteriorated progressively, and shortly before 
evacuation the specific gravity of the urine could 
not be made to exceed 1.016. Total blood pro- 
teins were estimated at 4.8 Gm. per cent; the 
E.S.R. varied between 17 and 28 mm. in an 
hour. 

Case 58. The patient, a man aged twenty- 
nine, had slight puffiness of the face for four 


months before developing marked generalized 
edema associated with severe albuminuria; only 
a few red blood cells and occasional epithelial 
casts were found in the deposit. During the first 
three weeks of generalized edema the blood 
pressure was elevated, the highest reading being 
170/105. Edema and urinary changes persisted 
for at least four months when the patient was 
evacuated. Plasma proteins measured 4.5 Gm. 
per cent, the blood cholesterol 280 mg. per cent. 
The concentration was 1 .032 and, although the 
dilution was 1.002, be e.xcreted only 605 cc. in 
four hours. The blood urea was 26 mg. per cent. 
Glomerular filtration w'as rather rigid but within 
normal limits, oscillating about 100 cc./min. 
Tubular reabsorption was high, 99.5 to 99.7 per 
cent of the filtrate. 

Case 4. The patient had typical lipoid ne- 
phrosis with marked albuminuria and extensive 
edema lasting for five months, with perfect 
renal functions and no hypertension. The 
urinary deposit contained hyaline casts but no 
red cells or other abnormal ingredients. 

These patients form an interesting inter- 
mediate between diffuse glomerulonephritis 
and what is referred to as pure nephrosis. 
All had massive edema, heavy albuminuria 
and reduced plasma proteins. Case 12 
show'ed impaired renal function and ne- 
phritic elements in the urinary deposit but no 

hypertension; Case 58 showed no impair- 
ment of renal function, minimal nephritic 
elements in the urinary deposit, but had 
transient hypertension; Case 4 shovyed 
normal renal function, had no nephritic 
elements in the urinary deposit and no 
hypertension. There can be no doubt that 
Gases 12 and 58 had acute glomerulone- 
phritis. Had transient h^^jertension occurred 

in Case 12 instead of Case 58, the only dif- 
ference between Cases 58 and 4 w'ouid have 
been the occurrence of a few red cells and 
occasional epithelial cells in the urinary 
deposit of the former. If the patient men- 
tioned earlier with hypertension and edema 
only and no evidence of a renal lesion be 
rightly regarded as having the syndrome 
called acute glomerulonephritis, and con- 
sidering the details of the patients presente 
illustrating all possible combinations of the 
various facets of this syndrome there seems 
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no valid reason to exclude Case 4. In 
other words, the evidence suggests that 
nephrosis is properly regarded as repre- 
senting one aspect of the syndrome called 
glomerulonephritis. 

COURSE 

Hypertension subsided relatively quickly, 
usually within one to two months, in all but 
two patients in whom the rigidity and 
tortuosity of the brachial arteries associated 
with left ventricular dilatation and hyper- 
trophy proclaimed previous essential or 
chronic nephritic hypertension. In one of 
these patients all evidence of nephritis disap- 
peared while under observation; in the other 
considerable improvement had occurred in 
this respect when the patient was evacu- 
ated. The development of chronic nephritic 
hypertension was observed in only one 
patient. Case 33. In this patient the hyper- 
tension of the acute phase subsided in the 
usual time; there was an interval of three 
weeks during which the blood pressure was 
normal and the persistent hypertension 
developed while other features indicated 
established chronic nephritis. 

Edema also subsided relatively quickly, 
usually within the same time as the hyper- 
tension, in all but four patients who pre- 
sented the nephrotic syndrome; in three of 
them no gap between the early and chronic 
persistent phase was demonstrable. 

In contrast to the behavior of hyperten- 
sion and edema, impaired filtration, al- 
buminuria, reduced power of concentration 
and granular casts in the urine were 
remarkably persistent. Thus, of fifty-three 
patients with primary acute cases com- 
mencing with hypertension, edema, im- 
paired renal function and abnormal urinary 
constituents, only two remained in that 
category at the end of the second month; 
two remained edematous but not hyper- 
tensive; nine remained hypertensive but 
not edematous; four were cured; nine had 
abnorrnal urinary constituents only; the 
remaining twenty-seven had impaired renal 
function and abnormal urinary constituents 
but neither hypertension nor edema and 


twenty-five were virtually unchanged at 
the end of four months. This dissociation 
between the course of hypertension and 
edema on the one hand and that of altered 
renal function on the other is well illustrated 
in Figure 6. 



While the facts suggest that hypertension 
and edema are independent of the renal 
lesion, there is more evidence indicating 
that they are also independent of one 
another. Thus in Case 59 there was hyper- 



Fig. 7. Time relationship between duration of edema 
and hypertension. 


tension but no edema; in Cases 12, 26, 58 
and 60 there was edema but no hyper- 
tension; although in thirty-one instances 
both manifestations were closely associated, 
hypertension outlasted edema by one to 
nine weeks in fourteen instances and edema 
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outlasted hypertension by two to three and 
one-half weeks in five instances. (Fig. 7.) 

Oliguria, of course, is necessarily inti- 
mately linked with edema. Yet even here 
partial dissociation can be demonstrated. 
(Fig. 8.) In addition to those patients (Cases 



14 and 37) in whom marked oliguria for 
seven days failed to result in detectable 
edema, there were other instances in which 
edema subsided while oliguria persisted and 
yet others in whom edema persisted long 
after tlic establishment of good fluid balance. 

Further scrutiny of Figure 6 reveals that 
nitrogen retention runs parallel with hyper- 
tension and edema and indeed was found 
after the first month only in those patients 
in whom hypertension was still present. 

It has already been noted that the first 
phase of the E.S.R. graph also appears to 
be associated with these acute events while 
the second and more horizontal part of the 
curve reflects relatively persistent renal 
damage. 

PROGNOSIS 

There are few diseases in which reports 
on prognosis have diflfered so widely. On 
the whole the recover^' rate is inversely 
proportional to age and perhaps to the 
accuracy and number of tests employed in 
its a.ssc.ssmcnt. Figures for several series of 
cases occurring among soldiers in the first 


world war were more constant: Hume and 
Nattrass'- recorded 45 per cent cured, 
Magnus-Alsleben'® 40 per cent and Long- 
cope*^ 41 per cent. 

In the present series of sLxty-six patients 
followed for an average period of observa- 
tion of 123 days, only eight (12 per cent) 
recovered while under observation. Another 
probably recovered but had persistent 
hypertension. The remainder were evacu- 
ated while still showing evidence of disease. 
There were no deaths. Of those who re- 
covered' one-half did so witliin one month, 
the other one-half within two to six months. 
Sixteen patients (24 per cent) had achieved 
normal renal function and were free from 
granular casts by the time they were 
evacuated. However, residual albuminuria, 
usually with slight microscopic hematuria, 
was still present. The remaining forty-one 
patients (62 per cent) were considered 
probable candidates for chronic nephritis. 
All had persistent granular casts and raised 
E.S.R. ; renal function was impaired in 
thirty-two. Details are given in Table v. 

A follow-up study is being carried out. 
So far, subsequent progress has been re- 
ported in twelve patients. Of five evacuated 
as probably chronic cases, two were much 
the same six months later but three had 
improved; of seven evacuated with residual 
albuminuria, with or without red cells in 
the urine, three recovered within six months 
and four were much the same. 

The unfavorable outlook in this series, 
however, does not reflect the true prognosis 
of acute nephritis in this group for these 
patients were investigated at a base hospital 
and many were transferred to it because 
they were severely ill or did not recover 
quickly. Reports on prognosis from forward 
hospitals appeared more favorable. 

There was no substantial dififercnce in age 
between those who recovered \vhile under 
obser\'’ation and those who were evaeuated 
with persisting signs of renal disease. Gon- 
trar^" to the opinion of Fishberg* the degree 
of h^'pertension was less important than its 
duration; very' high prc.ssures were observed 
in some who recovered or who had nearly 
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recovered when evacuated; when hyper- 
tension lasted more than a month, however, 
the subject i-arely did weH. (Fig. 6.) The 
duration rather tlian the degree of early 
edema had a similar significance. 

TREATMENT 

While it is doubtful whether any treat- 
ment administered had any influence on the 
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acute glomerular block is due to vascular 
spasm rather than to structural change. 
Otherwise it is doubtful if any material 
benefit resulted from dietetic restrictions. 
Moderate reduction of protein and fluid 
had little demonstrable effect nor did an 
increase influence the course adversely. 

Bed Rest. During the acute phase of the 
disease bed rest appeared to be essential 


Table v 

STATE OF PATIENT WHEN DISCHARGED OR EVACUATED 


Time in Months 


Result 


1 


5 


6 


Total 


Per cent 


Cured 

Residual proteinuria; sedimentation rate normal 

Proteinuria; sedimentation rate abnormal; renal function good 

Nephritic urine; renal function impaired 

Nephritic urine; renal function good; edema 

Nephritic urine; renal function impaired; edema 

Nephritic urine; renal function good; hypertension 

Nephritic urine; renal function impaired; hypertension 

Nephritic urine; renal function impaired; edema; hypertension 

Edema only 

Hypertension only 


4 


1 


1 


2 


1 


1 

4 


3 


1 


1 

2 

3 

7 

1 


1 


6 

1 

12 


1 


1 

4 

2 

4 

1 


1 


8 

16 

6 

29 

2 

1 

1 

2 


1 


12.1 

24.2 

9.1 

43.9 


final outcome of the disease, certain tran- 
sient effects were observed which have a 
direct bearing on pathogenesis. 

Period of Absolute Starvation. As soon as 
the diagnosis was established the patient 
was put to bed on absolute rest and all food 
and fluid were withheld for forty-eight to 
sixty hours routinely. This measure ap- 
peared to initiate diuresis, reduction of 
edema and subsidence of hypertension. A 
similar but less pronounced and less constant 
effect resulted from rest alone without the 
rigid dietetic restriction. Simultaneously, 
the glomerular filtration rate rose sharply 
in some patients to average or high normal 
levels during the fast but returned to its 
previous figure soon afterward. This be- 
havior is opposite to that of normal controls 
under similar fasting conditions when filtra- 
tion drops markedly and therefore indicates 
temporary relief from glomerular block. 
An effect so transient and sudden as this 
suggests that in cases in which it occurred 
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only as long as edema and hypertension 
were present. After these have disappeared 
we have often seen proteinuria and the 
number of red cells in the urine increase 
in patients in whom the E.S.R. was still 
accelerated. In two of these patients granu- 
lar casts reappeared and in three concen- 
trating power deteriorated. There is no 
evidence, however, that this means aggrava- 
tion of the disease. 

Penicillin. Moncrieff^'^ and Suchecki'® 
suggested that penicillin was beneficial in 
the treatment of early acute glomerulo- 
nephritis by eradicating responsible foci of 
infection. Although a diligent search for 
persistent foci of infection was made in all 
patients in this series and few were found, it 
was decided to give penicillin a trial in 
order to test the truth of the general belief 
that such foci play some part in determining 
tire course of the disease. Twelve patients 
were selected for this purpose. They had 
been ill for four to twelve weeks and ilieir 
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condition was relatively fixed. Penicillin was 
administered intramuscularly in doses of 

15.000 units every three hours to a total of 

700.000 to 900,000 units. The only demon- 
strable effect was further acceleration of 
the E.S.R. at the completion of the course. 
The reason for this was not clear. 

COMMENTS 

Analysis of the data available from this 
group of patients with acute glomerulo- 
nephritis makes it possible to speculate on 
the pathogenesis of the disease. 

The disease is obviously related to a 
previous infection, not necessarily strepto- 
coccal, the incidence of which in our 
series was almost identical with that of 
Longcope.^'* The interval of 16.5 days be- 
tween the beginning of the infection and 
the first evidence of the disease is about a 
week longer than that in serum sickness, 
but our observation on the patient with 
vascular nevus suggested that the true 
interval might well be a week shorter; it 
resembles the interval which separates 
rheumatic fever and allied disorders from 
the preceding infection. The occurrence of 
rlieumatic fever, Schoenlein-Henoch pur- 
pura and urticaria in about 10 per cent of 
our patients indicates that the etiologic 
factors in all these diseases may be similar. 
These conditions occurred infrequently alone 
among our hospital admissions, which makes 
this suggestion still more probable. An 
allergic basis is currently thought to be 
responsible for the latter diseases and ex- 
perimental evidence in favor of an allergic 
origin for acute glomerulonephritis is steadily 
increasing. 

The morphologic substrate of an allergic 
reaction consists of a capillary lesion-* and 
smooth muscle spasm.-- The first mani- 
festations of acute glomerulonephritis, oc- 
curring usually when the previous infection 
has subsided, appear to be the result of a 
widespread capillar)- lesion and arteriolar 
spasm. Glomerular obstruction, hyperten- 
sion and edema usually occur simultane- 
ously. yet we believe we have demonstrated 
that these arc independent of each other 


and each has its own mechanism of origin. 
The evidence in favor of a generalized 
v'ascular reaction, independent of the renal 
process, is extensive. There can be no doubt, 
for example, that early edema does not 
depend upon renal insufficiency; thus it 
may precede all other evidence of nephritis 
by several days, as has been pointed out by 
Henoch,-® Nonnenbruch,®^ Volhard®® and 
others and it may occur, as in the cases of 
Guggenheimer-® and in Case 18 of this 
series, without any renal involvement what- 
ever; proof suggesting its dependency upon 
a capillary change was provided by the 
behavior of our patient with vascular nevus. 
Again, transient hypertension may occur 
without demonstrable renal involvement as 
shown in Case 18, and Pickering®' has 
concluded that it is probably not renal in 
origin. He found that it behaved differently 
from the hypertension of chronic nephritis 
and did not appear to depend upon humoral 
mechanisms but upon a neurogenic one. 
While we do not question the importance 
of the renal element in the origin of hyper- 
tension of late renal disease, it is still un- 
settled what role it plays in the acute phase. 

The glomerular capillaries are, of course, 
usually the site of severe morphologic 
changes, similar to those produced byFroeh- 
lich®* in the capillaries of a frog mesentery. 
However, we have drawn attention to the 
fact that sometimes under the influence of 
complete starvation and thirst diminished 
glomerular activity may suddenly be re- 
versed, to reappear with cessation of the 
starvation period. We think that this phe- 
nomenon can be explained if we assume 
that in addition to the morphologic com- 
ponent there is also .spasm of the afferent 
arteriole which can be reversibly influenced 
through some dietar)' mechanism not yet 
clearly understood. If a sufficient number 
of glomeruli are thrown out of aetion, 
filtration is seriously reduced and retention 
of non-protein nitrogen follows.®* Albumi- 
nuria is due to increased capillary permea- 
bility and hematuria provides gross evidence 
of capillar)- damage and may be the renal 
counterpart of petechiac in the ocular 

AMERICAN JOURNAI. OF MEDICINE 



Acute Glomerulonephritis — Brod 


fundus and skin. In view of the frequency 
of hematuria the rarity of systemic petechiae 
requires some explanation. Perhaps the 
discrepancy depends on the fact that the 
glomerular capillary pressure is greater than 
the pressure in the systemic capillaries. The 
renal tubules are necessarily affected by the 
vascular lesion involving the tufts and they 
may be further handicapped by vascular 
alterations in the afferent arterioles and 
tubular capillaries. 

This hypothesis provides an acceptable 
explanation for the early manifestations of 
acute glomerulonephritis and makes un- 
derstandable the occurrence of various 
clinical types and the independent behavior 
of the clinical manifestations. When systemic 
vessels are chiefly involved, hypertension 
and edema overshadow glomerular and 
tubular dysfunction or may even occur 
alone; if arteriolar spasm is more pro- 
nounced than increased capillary permea- 
bility, hypertension overshadows edema 
and vice versa. On the other hand, when 
the renal vessels are chiefly involved, hyper- 
tension and edema are less pronounced than 
renal lesions or may be absent altogether; if 
spasm of the afferent arterioles dominates 
the disorder, acute diminution of glomerular 
activity with impaired filtration and reten- 
tion of non-protein nitrogen dominates the 
clinical picture; if spasm is less pronounced 
than simple damage of the capillary wall, 
hematuria and albuminuria are more con- 
spicuous. It is not to be expected that 
conditions causing acute diminution of 
glomerular activity would not also .pro- 
foundly alter the behavior of the glomerular 
capillaries and renal tubules so that reduced 
filtration with retention of non-protein 
nitrogen could hardly occur without hema- 
turia, albuminuria, impaired concentiation 
and cylindruria. On the other hand, damage 
to the glomerular capillaries could well 
occur without reducing filtration and with- 
out interfering with, tubular function. 

The hypothesis is adequate to account for 
the initial or acute stage of the illness. In the 
section dealing with the course of the disease 
we have shown that this stage lasts usually 
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less than a month. Its end is marked by 
disappearance of edema, subsidence of hy- 
pertension and signs of diminished glomeru- 
lar activity and in the most favorable cases 
also by disappearance from the urine of 
those abnormal elements indicative of a 
lesion of the glomerular capillaries. In the 
majority of patients, however, recession of 
some of the I'enal manifestations, namely, 
of albuminuria, microscopic hematuria and 
of the impaired concentrating power, is less 
prompt and these signs may be indicative 
of a subacute or chronic course. The idea 
that a persistent focus of infection is re- 
sponsible for perpetuating an allergic renal 
reaction® is hardly tenable, except in isolated 
instances, because the manifestations which 
are most likely to be allergic are those 
which are not so perpetuated; again, per- 
sistent foci of infection are rarely found in 
those cases and penicillin in no way in- 
fluences their course. 

The question at issue is whether the 
allergic process behaves differently in the 
kidneys than in other tissues, or whether it 
subsides as elsewhere but, owing to peculiar 
conditions, leaves changes in the kidneys 
which tend to be irreversible. The enclosure 
of the swollen organ in the tough, unyielding- 
capsule might be one of the reasons why 
the acute process leaves greater residual 
damage in the kidneys than in other tissues. 
It should be borne in mind that the pressure 
in the glomerular capillaries is much higher 
than capillary pressure elsewhere and con- 
sequently a slight residual impairment of 
the capillary wall, which in other parts of 
the body could not be detected, may mani- 
fest itself in the kidneys by albuminuria and 
hematuria. Our cases of the nephrotic 
syndrome, which developed \v’ithout a gap 
from the acute stage, suggest that a chronic 
capillary lesion due to some undetermined 
mechanism may be the underlying fault. 
This possibility would avoid the necessity 
of invoking a dual origin of edema, con- 
tinuing without interruption in the same 
patient. 

The comprehension of a persisting tubu- 
lar lesion which, according to the hypothesis 
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previously stated, is regarded as secondary 
to vascular events and might be expected 
to clear up soon after the renal vessels regain 
their normal function is more difficult. We 
have obsen.'^ed, however, several cases of 
sulfonamide obstruction of both ureters 
lasting for twelve to twenty-four hours, in 
which all symptoms and signs quickly sub- 
sided after removal of the obstruction by 
ureteral catheterization, with the exception 
of impaired power to concentrate urine 
which persisted for three to eight weeks. It 
seems, therefore, that the renal osmotic 
function not only can suffer very easily but 
once disturbed requires considerable time 
under ideal conditions to recover. Yet 
conditions in a convalescent from acute 
nephritis often are not ideal; as was pointed 
out in connection with the endogenous 
creatinine clearance, glomerular filtration 
often remains in this stage on the low side 
of the normal and its variations tend to 
disappear, suggesting a residual restriction 
of the glomerular surface. 

The hypothesis then accounts for all the 
features and varieties of the syndrome if it 
is admitted that under certain circumstances 
an allergic lesion can produce changes 
which may persist. The concept of an 
allergic lesion which persists or even pro- 
gresses long after subsidence of the acute 
infection which initiated it is not a new one. 
Subacute and chronic polyarthritis, initiated 
by streptococcal, gonococcal, dysenteric or 
other acute infection is believed by some to 
represent similar allergic behavior; indeed 
there is reason to suppose that the problem 
of chronic nephritis and that of chronic 
polyarthritis may be related. Many varieties 
of allergic dermatitis persist long after all 
traces of the provocative allergens have been 
removed from the system, ^vhilc in some 
cases another factor is known to be responsi- 
ble for perpetuating the disorder, for ex- 
ample. sunlight in sulfonamide dermatitis. 

SUMM.\RY .WD CONCLUSIONS 

1. A clinical study of sixty-six patients 
with acute glomerulonephritis is presented: 


the average period of observation was 123 
days. 

2. The course was divided into two dis- 
tinct phases: The first rarely lasted more 
than a month, the fully developed picture 
consisting of hypertension, edema, acute 
diminution of glomerular activity with 
retention of non-protein nitrogen and a 
rapid E.S.R., hematuria and albuminuria, 
accompanied by impaired concentration 
and the appearance of casts. The second 
showed a pronounced tendency tochronicity 
and was characterized by the absence of 
hypertension, edema or retention of non- 
protein nitrogen, but by the persistence of 
albuminuria, microscopic hematuria, im- 
paired concentration, cylindruria, slight or 
moderate acceleration of the E.S.R. and 
also some restriction of the normal fluctua- 
tions of glomerular filtration. 

3. The occurrence of partial syndromes 
suggested that the term acute glomerulo- 
nephritis is a misnomer; thus there were 
patients with transient hypertension and 
edema with little or no evidence of renal 
involvement; others with no extrarenal 
manifestations but with reduced filtration, 
hematuria, albuminuria, impaired con- 
centration and granular casts and others 
with edema and albuminuria only, or asso- 
ciated with minimal red cells in the urine 
or with slight impairment of concentration 
(the nephrotic syndrome). The great ma- 
jority were mixtures in varying proportions 
of these three types. 

4. The hypothesis that the syndrome 
called acute glomerulonephritis is a gen- 
eralized vascular reaction of the allergic 
type to streptococcal and probably other 
infections is discussed. In this view transient 
hypertension and edema are regarded as 
extrarenal manifestations due to general 
arteriolar spasm and to increased capillary 
permeability, respectively. Their respective 
renal equivalents appear to be acute dimi- 
nution of glomerular activity with retention 
of non-protein nitrogen due to gro.ss spasm 
of the afferent arterioles, as well as swelling 
of the glomerular endothelial cells and 
e.xudation in Bournan's space and pro- 
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teinuria. The chronic proteinuria, and 
possibly chronic edema in some cases, 
developing without interruption from the 
acute stage are believed to represent per- 
sistence of the capillary lesion. 

5. A forty-eight-hour period of complete 
food and fluid starvation appeared to exert 
a transient beneficial effect on hypertension, 
edema and glomerular activity. Penicillin 
in no way appeared to alter the course of 
the disease. 

6. When hypertension and edema lasted 
for more than one month, irrespective of 
their degree, the subsequent course of the 
illness was nearly always prolonged, which 
suggests that a certain number of patients 
in this series subsequently progressed into 
the chronic phase of the disease. 
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Pulmonary Adenomatosis* 

Sylvia Bubis, m.d. James H. Erwin, m.d. 
Columbus, Ohio 


P ULMONARY adcnomatosis, or infectious 
adenomatosis, is a rare, chronic, 
irreversible condition consisting of 
hyperplasia and metaplasia of the alveolar 
epithelium into tall columnar mucus-pro- 
ducing glandular tissue. Histologically it is 
benign but involves both lungs, eventuating 
in complete loss of respiratory function and 
death by asphyxia. Clinically its onset may 
start with an acute respiratory infection 
which never clears completely. Its course 
is marked by frequent superimposed pul- 
monary infections for which antibiotics only 
temporarily relieve the respiratory em- 
barrassment and increase the vital capacity. 
It has been noted only in adults, with the 
possible exception of the case of a seventeen 
year old girl reported by Geever, Carter, 
Neuberger and Schmidt.'^ The disease has 
been found in Germany, China, Canada 
and the United States, cases being dis- 
covered with increasing frequency. The 
etiology has been undetermined but is 
believed by many to be a virus infection. 

A similar disease in animals, chiefly 
in sheep, was first reported in 1891 by 
Eber, in Germany, according to Sims.-^ 
Bonne^ states that Roux, in 1 903 in France, 
described these lesions in sheep suffering 
from sheep pox and that Spronck dis- 
cov'ered similar lesions in guinea pigs in 
1907. Richardson-' and Bell- give Hclly 
credit for dc.scribing the first human case of 
pulmonary adenomatosis in Germany in 
1907. His patient was a forty-three year old 
woman with “symptoms of tuberculosis.’" 
The following year Lohlcin-* recorded in 
the German literature an instance of a 
disease involving the right upper lobe and 
which was productive of a large amount of 
mucus. Adenomatosis of the lungs in mice, 


horses and rabbits has also been reported. 
In sheep in South Africa the disease is 
known as jaagsiekte. 

Cowdry® and Cowdry and Marsh'^ de- 
scribed the disease as a specific endemic, 
chronic, catarrhal pneumonia which was 
fatal in two to eight months. They postu- 
lated that epithelial proliferation was sec- 
ondary to thickening of the interalveolar 
tissue. There was little or no fever but 
marked respiratory distress, nasal discharge, 
cough, rales, weakness, weight loss and 
anemia. The gross and microscopic findings 
in sheep were identical with those found 
in humans. Dungal, cited by BelF and 
Bonne,® described the disease in sheep in 
Iceland, proved its contagiousness and 
called it epizootic adenomatosis. It is 
probably similar to verminous pneumonia 
and Montana progressive sheep pneumonia. 
M’Fadyean,® Bonne,® Theiler,® Straub,®' 
DeKock,® Richardson®' and Geever ct 
al.,'® who reviewed the studies of Bose, 
Borrel, Thorp, Hallman, Davis, Robertson, 
Osenkop and Furth, also reported the 
disease occurring naturally in animals. 
More recently Norris'® found the disease 
in a guinea pig inoculated with pleural 
fluid from a patient convale.scing from 
pneumonia. The patient had no evidence 
of the disease and this was thought to be a 
spontaneous occurrence. 

The pathogenesis of abnormal pulmonary 
alveolar lining has been the subject of a 
great deal of controvensy. ^Vc may consider 
the problem from several different aspects: 
(1) failure of normal development, (2) 
stimuli which excite abnormal proliferation 
and (3) experimental production of ab- 
normal alveolar epithelium. Normal alveoli 
in early fetal life appear glandular and 


* From the Department of Pathology-, White Cros<! Hospital, Columbus, Ohio. 
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are lined by a cuboidal epithelium thought 
by most investigators to be of entodermal 
origin, according to Maximow and Bloomd® 
In the human embryo of 170 mm. the 
continuous epithelium becomes interrupted 
by blood vessels, eventually leaving the 
epithelium as isolated round cells and the 
capillary walls exposed to air. Zeldes®^ has 
shown that during the twenty-fourth to 
thirty-third week of intra-uterine life the 
transition to the adult type of alveolar 
lining occurs. The mechanism of this transi- 
tion is said to be by a disintegration of 
nuclei, degeneration of cytoplasm and 
casting-off of the cells or by encroachment 
of capillaries and desquamation of the 
epithelium. Persistence of the large cuboidal 
cells, Zeldes demonstrated, is . not com- 
patible with respiration and therefore with 
life and has been found to be persistent in 
50 per cent of “viable” premature infants 
and in 20 per cent of full-term infants. 
Reviewing our autopsies of premature and 
full- term infants with “failure of lung ex- 
pansion,” we found persistence of cuboidal 
epithelium frequently and aspiration of 
amniotic fluid and cells as the other com- 
mon cause; occasionally we found the two 
together. 

The work of el Gazayerli® and others 
rather eonclusively demonstrates the origin 
of the alveolar phagocyte which is of im- 
portance because of the association of 
phagocytes with adenomatosis and the 
infrequent mitotic figures seen in these 
instances. These observers demonstrated 
that the cuboidal cells which are located in 
the angles of the alveolar spaces give rise 
by mitosis to the free alveolar phagocytes. 
By injection of trypan blue these cells 
have been shown to phagocytize the dye, 
as do other cells of the reticulo-endothelial 
system, while the other flattened polygonal 
alveolar epithelial cells do not. 

In the fully developed lung certain 
stimuli have been found which excite 
abnormal proliferation, hyperplasia and 
metaplasia. The excellent descriptions of 
Bell- and of Geever et al.^° include: (1) 
chronic passive congestion associated with 
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old mitral or aortic valve disease, (2) in- 
fectious diseases of the lungs, particularly 
when a chronic interstitial pneumonia 
results, (3) lung adjacent to nodules of 
chronic granulomas, tuberculosis, silicosis, 
syphilis and to (4) old empyema pockets, 
(5) old pleuritic adhesions, (6) chemical 
pneumonia, (7) lipoid pneumonia, (8) 
other aspiration pneumonias, (9) war gases 
such as phosgene, (10) physical agents such 
as x-rays and radium, (11) lung adjacent 
to benign and malignant neoplasms and 
(12) toxoplasmosis. Chronic anoxia, with 
loss of alveolar function due to thickeninsr 

O 

of the interalveolar septa or to filling of 
alveoli with foreign material, appears to 
be the basic cause of the disturbance. It 
has been suggested that bronchial epi- 
thelium grows down into the alveoli, but 
numerous transition stages indicate that 
the epithelium develops from cells already 
present. A vicious cycle is set up, with the 
thickening of the alveolar septa and viscid 
mucus preventing oxygen from reaching 
the capillaries and stimulating alveolar 
epithelization with cuboidal to mucus- 
producing columnar cells. 

Similar changes in alveolar epithelium 
have been produced experimentally. Y oung®'* 
produced diffuse epithelial proliferation in 
the lungs of rabbits consistently with 
optimum concentrations of various electro- 
lytes. The alkali metals, Li, Na and K and 
the alkaline earth metals Mg, Ca and Sr, 
were found effective only in strong solu- 
tions. The trivalent metals, Al, La and Fe, 
were efficient, and the heavy metals were 
effective in weak solutions, the order of 
their efficiency being Hg, Ag, Cu, Cd, Pb 
and Zn. Grady and Stewart''^ induced pul- 
monary tumors of this nature in strain A 
mice, using subcutaneous injections of 
1,2,5,6-dibenzanthracene or mcthylcholan- 
threne in lard suspensions and using lard as 
controls. Five weeks after injection tumors 
began to appear, practically all growths of 
alveolar origin and not associated \vith 
inflammatory reaction. In many instances 
there was no distortion of pulmonary 
architecture, alveolar lumens remaining 
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Table i 

PULMON \RY ADENOMA! OSIS 


Observer 

Year 

Age 

Sex 

Nation- 

ality 


Hell> 

1907 

43 

F 

German 

2 

Lohlcin 

1908 



German 

3 

Bonne 

1939 

31 

M 

Chinese 

4 

Richardson 

1940 

73 

F 

Amen- 






can 

5 

Taft and 

1941 

62 

M 



Nickerson 




can 

6 

Taft and 

1943 

79 

F 



Nickerson 




can 

7 

Bell 

1943 

63 

M 

Amen- 






can 

8 

Sims 

1943 

42 

M 

Amen- 






can 

9 

Obemdorfer 

1930 

21 



10 

Wood and 

1942 

57 

F 



Pierson 




can 

11 

Alexander 

1947 

SO 

F 



and Chu 




can 

12 

Reinhart 

1946 

Thi! 

pati 

-nt was see 


(O S U ) 





13 

Paul and 

1943 

68 

F 



Ritchie 




can 

14 

Paul and 

1945 

52 

M 



Ritchie 




can 

15 

Paul and 

1943 

60 

F 



Ritchie 




can 

16 

Paul and 






Rilchic 
17 Stmon 


18 Simon 
19. Gec\cm al 


20 Fidlcr, 

I- rvMn and 
Bubit 

21 Fidlcr. 

Fr^^ m and 
Hubif 


inptunis 


Unpublished, similar 


1945 


70 


Cana- 

dian 


Unpublished, but similar 
1943 1 17 ! F lAmcn- 
can 


1946 


1946 


66 


63 


M 


M 


Ameri- 

can 


Ameri- 

can 


S\mptoms of tubercu- 
losis 

Abundant mucus 

Fever, persjsicnicough, 
mucus, dj’Spnea, ema- 
ciation 

No symptoms of lung 
disease, died ofob- 
structiv c jaundice, 
stone in common duct 

Pleurisv, cough, fa- 
tigue, mucus sputum, 
weight loss, d>spnca, 
cyanosis, fever, tuber- 
culin test slightly 
positive 

Pernicious anemia in 
relapse, increasing 
pulmonary infections, 
divcrticulosis, chole- 
lithiasis 

Djspnca, cough, weak- 
ness, weight loss, 
mucus sputum 

Dr> cough earl), then 
mucus sputum, pain, 
weakness, fever, cyan- 
osis, clubbed fingers 


Septic hemorrhagic 
pneumonia 
Fatigue, night sweats, 
cough, developed car- 
cinoma of cervix after 
lobectom> 

Fever, pleuritic pain, 
cough, sputum, 
dyspnea, cyanosis 


Severe dyspnea for 6 
mo , cough, small 
amount frothy sputum,| 
weight loss, cyanosis 
Increasing dvspnca, 
weight Io<is. cvanosis 


No pulmonarj com- 
plaints, carcinoma of 
pancreas, metastases 
to liver, gallbladder 


Cough, thick white 
mucus Djspnca, 
orthopnea, cyanosis, 
emaciation 


Cough, fever, weight 
loss, d j spnea, c) anmis 


Chest pain, <c\crc to 
moderate cough, yel- 
low mucus sputum, 
cyanosis 

Same as above, plus 
severe emacniion and 
v*raknr«s 


Duration 


9 mo 


8 mo 


2>r 


2H>r 

5J6 yr 

not been 
6-8 yr 

2^1 yr 


Unnt 


Nega- 

tive 


Nega- 

tive 


Albu- 

min, 

red 

blooc 

cells 


7 wk 


13 mo 


Moderate, 
cougli 
for «cv - 
cral vr 


Blood 

Mitoses 

Inv a- 
sion 

Negative 

FairJ) 

numer- 

ous 

Yes^ no 
metas- 
tases 

White 

blood 

cells 

elevated 



Tjpe V III 
pneumo- 
coccus, 
hemolytic 
staph) Jo- 
coccus 
Negative 



White 

blood 

cells 

elevated 

later 

3,700 

Occa- 

sional 


Negative 

Infre- 

quent 

None 

Hb n, 
positive 
vVasser- 
mann 

None 

None 

While 

blood 

cells 

32,400 

> 

Yes 


0 

0 

- 

Rare 


Willie 

blood 

cells 

20,300 

W hitc 
blood 
cells 

18,000 

sliglit 

anemia 

lew 

None 


Dcscnption of I ung 


Right upper lobe 

Weight 2,700 Cm , bi- 
lateral disease, moist, 
pale, Inable tumor 
nodules 

Small, firm, scattered 
nodules, 2-10 mm , bi- 
lateral all lobes 

^Velght 700 and 850 
Gm , several small 
areas of cavitation 0 4 
to 1 5 cm 


^Vclght 420 and 700 
Gm bilateral disease 


Heavy lungs, firm, solid 
homogeneous tumors 


Bilateral, dark red, one 
apex free 

2 0 cm cavit>, 0 I cm 
nodules, one lobe re- 
moved surgicall) 

Weight 2,100 Cm , ne- 
crosis resembled Fried- 
lander’s infection, 
green, gelaftnows, oho 
had pancreatic island 
adenoma 

Voluminou* lungs, hi- 
lateral disease 

I xlcnsivc pneumonia 
bronchicciatic cavities, 
largest 7 cm 

Left lung granular, nod- 
ular, bronchiectasis, 
acute and organic 
pneumonia ^ more ac- 
tive, ^ malignant 

Oronchicctasis, atelec- 
tasis, cmph)’scma, 
acute and organic 
pneumonia, one local 
area wilh obriour be- 
nign proliferation of 
bronchial epitbcbum 

□bliteratlon of nglit 
thorax, tlentc atihe- 
sions, band of consoli- 
dation, elevation, 
granular, sticky, all 
lobes 

Dblilcraiion of pleural 
cavity, dilTusc gra> 
nodular tumors, pin- 
head to 1 cm sire, col- 
umnar mucus product, 
occasional pscudo- 
siratified and papillar 
proliferation 

1,370 Gm each, firm, 
pile solid no<fufes 

Same as alxive 
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acid-fast organisms or any other constant 


patent and the walls lined by cuboidal cells 
producing a glandular appearance. There 
was no connection of these tumors with 
bronchi. There were some solid nodules of 
tumor tissue and a few mitotic figures but 
no evidence of malignancy. Geever et al.*® 
report that Wells, Slye, McDonald and 
Woodhouse, Holmes, Andervont, Breedis, 
Robertson, Osenkop and Furth produced 
similar lesions with tar as did Simonds and 
Curtis.^® BelP states that Grumbach found 
glandular epithelium developing in guinea 
pigs with experimentally produced 
pneumonia. 

There is some support for the suggestion 
of Cowdry and Marsh® that pulmonary 
adenomatosis is incited by a virus. Straub^® 
found adenomatosis in mice infected with 
influenza virus. Bonne^ states that Theiler 
thought the disease in horses was due to a 
poisonous plant, Crotolaria dura. Dungal 
reported associated nematodes in the lungs 
of sheep, and DeKock thought it a neo- 
plasm found in sheep. Many others believe 
it a neoplasm and describe similar cases, 
differing only in that they found regional, 
brain and bone metastases. However, Taft 
and Nickerson^'^ conclude in reporting their 
two cases that “this condition is of but little 
significance in the genesis of pulmonary 
carcinoma in general.” 

We are presenting two cases of patients 
with benign pulmonary adenomatosis au- 
topsied at the White Cross Hospital, Colum- 
bus, Ohio, in 1946. Nineteen cases have 
been found in the literature to date. The 
ages range from seventeen to seventy-nine. 
Geographical distribution and occupation 
varied widely. No contact with any infected 
animal was recorded. Most of the patients 
had in common a prolonged history of at 
least eight months’ duration, apparently 
following an acute pulmonary infection 
which did not clear up entirely. The blood 
and urinary findings were usually normal. 
Fever, malaise and leukocytosis when pres- 
ent were remittent in character depending 
upon secondary infections. Cough produc- 
tive of copious mucoid sputum was almost 
universal. The sputum was negative for 
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invader and the tuberculin test ivhen done 
was negative or only slightly positive. 
Weight loss, weakness, severe dyspnea and 
cyanosis were also present. In only one case 
was clubbing of the fingers described. Al- 
though there was chronic lung disease over 
long periods, cor pulmonale was not noted. 
Two patients had no symptoms of lung 
disease at all, one case reported by Richard- 
son^^ and one by Paul and Ritchie.^® The 
immediate cause of death was anoxia or 
sepsis from acute pulmonary infection ex- 
cept in Richardson’s patients who died of 
obstructive jaundice due to a stone in the 
common duct, Wood and Pierson’s^® patient 
who died of metastatic adeno-acanthoma 
of the cervix and one of Paul and Ritchie’s 
patients who died of carcinoma of the 
pancreas with regional metastases. One of 
Taft and Nickerson’s®^ patients also suffered 
from pernicious anemia in relapse, asso- 
ciated with increasing pulmonary infection 
and bacteremia. The gross and microscopic 
pictures were all similar, with the possible 
exception of those of Paul and Ritchie,®® 
one of Geever, Carter, Neuberger and 
Schmidt^® (who emphasized the radiologic 
finding.s and only briefly described the gross 
and microscopic findings) and one case of 
Simon®® which has not yet been reported 
but is said to be similar. 

Pulmonary lesions similar to those of 
infectious adenomatosis but with metastatic 
lesions have been reported by Sweany,®’ 
recording cases of Wolf, Kretchmer, Pepere, 
Morelli, Peris, Fuchs, Tillman, Grunwald, 
Briese, Domeny, Oberdorfer, Knierim, Sal- 
tykow, Ribbert, Chiasi, recorded by Bonne® 
and by Kaufman, Letulle, Weisman, Rous, 
Frissell and Knox in the paper by Neu- 
berger. Most metastases were to regional 
lymph nodes but occasional sites were found 
in the bones, liver and brain. Cassilli and 
White, aceording to Neuberger,^® reported 
a case which they named “carcinomatoides 
alveogenica multicentrica,” in which the 
lesion was confined to the lung sacs and did 
not invade the septa or bronchi nor did it 
metastasize. Geever, Neuberger and Davis’® 
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listed five cases which they believed were 
malignant. In neither of our cases was there 
invasion, metastasis or evidence of malig- 
nant change. 

CASE REPORTS 

Case i. A white male, sixty-six years old, 
was admitted to the medical service March 26, 
1946, with the chief complaint of pain in his 
chest for three months. Three months prior to 
admission the patient had pneumonia from 
which he had never made a complete recover)’. 
He had been ambulatory only for a brief period 
of one week. Since the onset of his illness, he 
had had intermittent fever without chills, a 
severe cough accompanied by the production 
of a yellowish mucous sputum and left chest 
pain which was aggravated by coughing. The 
past history revealed that he had never been 
entirely free from a cough for the past several 
years of his employment as a molder. Other 
complaints were non-contributory. On admis- 
sion his temperature was 101.2°f., pulse rate 96, 
respiration 94 and blood pressure 125/88. 
Physical examination revealed a well developed, 
well nourished white male of stated age. The 
essential findings were those limited to the chest. 
There were accentuated breath sounds, with a 
friction rub and dullness to percussion in the 
lower portions of each lung. No other significant 
findings were reported. 

Laboratory' examination of the urine was 
negative; hemoglobin, 16 Gm.; red blood cells, 
5,300,000; white blood cells, 20,200 with 88 per 
cent polymorphonuclear cells. Clinical impres- 
sions were silicosis, pneumonitis and possible 
lung abscess. 

X-rays of the chest taken on March 7, 1946, 
revealed no apparent abnormalities of the heart 
and aorta; the upper third of each lung was 
clear. Mid- and basal linear markings were 
intensified bilaterally, with a considerable 
amount of pneumonitis in these areas. It was 
though that there were several small cystic areas 
in both bases, with the addition of a slight 
amount of left pleural fluid. On March 29. 1 946, 
lipiodol instillation indicated a saccular bronchi- 
ectasis in the basal portion of each lung, more 
marked on the right and anteriorly. 

Sulfadiazine therapy was started but was later 
changed to penicillin; there was a resultant drop 
in temperature to 97.2'’f, within twenty-four 
hours. The temperature remained at normal 
levels for three days, during which time peni- 


cillin w'as continued. Because of a rise in tem- 
perature at the end of this period, sulfadiazine 
therapy was given again. There was a temporary 
response but on the eighth hospital day the 
patient became progressively worse, semi- 
comatose and had to be restrained. Respirations 
were harsh and labored and the pulse feeble. 
Death occurred as the temperature ro.se to 
104.6°F. 

When the chest was opened at autopsy, both 
lungs were found to meet in the midlinc ante- 
riorly and to completely obscure the cardiac 
area. The lungs were bound to the chest wall by 
old, dense, pleural adhesions which could he 
separated only with difficulty. The left lung 
w’eighed 1,370 Gm. The upper lobe was partly 
crepitant while the low'er lobe w'as denser and 
mottled. Upon dissection of the tracheobron- 
chial ttee the left bronchus w'as found to be 
slightly narrowed in its low'er division and con- 
tained a slight amount of thin whitish c.xudatc. 
The cut surface showed a diffuse anthracosis and 
no cavities. The lower lobe showed a mottled 
greyish-yellow consolidation about which the 
deeply anthracotic lung slightly retracted, 
causing these areas to appear elevated above 
the cut surface. Again, a thin, purulent fluid 
could be expressed. The lung contained no 
evidence of malignancy or tuberculosis. A few- 
similar scattered, shot-like areas appeared 
throughout the upper lobe. The right lung was 
similar to the left except that its bronchial tree 
show'ed no evidence of atelectasis and the upper 
lobe contained only a few small areas of inflam- 
matory reaction. The middle and lower lobes 
w'erc largely fused by pleural adhesions and their 
cut surfaces were also extensively mottled and 
grossly similar to the other lobes. The peri- 
bronchial and hilar lymph nodes were quite 
hard, clastic and of a deep black color. 

Microscopic sections from the right and left 
lungs showed an entirely similar picture, con- 
sisting of chronic congestion and moderate 
anthracosis throughout the upper lobes, with 
small areas of inflammator)' reaction similar 
to that found diffusely throughout the lower 
lobes. In these lobes there was a process quite 
similar to a partially organized pneumonia in 
which the alveoli were filled with a fibrino- 
purulent c.xudatc but .showed only slight 
fibrinous organization with a subacute cxudaic 
filling the alveoli. The alveolar fining cells 
showed a process of proliferation and metaplasia 
producing a benign adenomatosis in which some 
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alveoli were lined by hyperplastic cells while 
others were widened and distended with a 
mucous secretion. The cells lining such alveoli 
tended to a columnar form, sometimes showing 
a globular secretion. This process could be 
traced from alveoli in which no such reaction 
was present, except for the presence of some 
pneumonic exudate, through those in which 
there was slight to moderate alveolar epithelial 
hyperplasia, to those just described in which the 
alveoli varied from solid to cystic. In such cystic 
areas the exudative reaction largely disappeared. 
The process was that of adenomatosis. There 
was no evidence of tuberculosis or silicosis. The 
pleurae showed a marked chronic fibrous thick- 
ening. The hilar lymph nodes showed no recent 
inflammatory reaction but were replaced by a 
sclerotic type of fibrosis, together with anthra- 
cosis and slight calcification. 

Case ii. A sixty-three year old white male 
was admitted to the medical service on October 
9, 1946, with the chief complaint of coughing 
and shortness of breath for five years. These 
symptoms had gradually progressed, with recur- 
rent bouts of coughing and fever which were 
largely relieved by intensive chemotherapy but 
which would recur when such treatment was 
discontinued. Dyspnea had increased during the 
past year without paroxysms and without 
orthopnea or pedal edema. The cough was 
relieved when the patient lay on his left side but 
was aggravated when lying on his back or right 
side. In August, 1946 repeated chest films, in- 
cluding lipiodol injection, showed a patchy 
opacity throughout the lower three-fourths of 
the right lung and in the mid-portion of the left 
lung there were numerous patchy nodular areas 
accompanied by increased bronchial markings. 
The process was thought to be of granulomatous 
character. Repeated examination of the moder- 
ate amounts of sputum which were being 
produced at that time revealed a number of 
Friedlander’s bacilli and a few diphtheroids but 
no fungi could be demonstrated on direct smear 
or culture. 

Upon admission the blood showed hemo- 
globin, 10 Gm.; red blood cells, 3,500,000; white 
blood cells, 18,000 with 90 per cent polymorpho- 
nuclear neutrophiles. The temperature was 
100.2°f.. pulse 84, respirations 20 and blood 
pressure 110/70. Physical examination revealed 
a weak, emaciated, moderately cyanotic white 
male. Examination of the chest disclosed marked 
dullness at the right base extending up to the 
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fourth rib posteriorly. Breath sounds were nor- 
mal except over this area where they were of 
marked bronchial character. The whispered 
voice was clearly transmitted over this area and 
fine and coarse rales were heard above this 
region. The heart was thought to be slightly 
enlarged to the left. 

X-rays of the chest showed a patchy opacity 
throughout the lower three-fourths of the right 
lung and a large area of consolidation in the 
mid-portion of the left, with apparently many 
fibrous strands along the line of the bron- 
chial trunks in the lower half of the left lung. 
The radiologist’s impression was that the process 
was a granulomatous one probably caused by a 
fungus. 

After admission there was an elevation of the 
temperature to 103°f. With the use of chemo- 
therapy, this was brought down to normal levels; 
however, dyspnea increased and the patient 
expired on the eighth hospital day. 

Autopsy findings disclosed both lungs to be 
voluminous, almost meeting in the midline 
beneath the sternum. The left lung was bound 
by old, dense adhesions over the posterior and 
lateral aspects to the thoracic wall. The right 
lung was firmly fixed, the adhesions being 
especially dense over the lower lobe and medial 
surface. The lung weighed 1,325 Gm. The entire 
lung was discolored except for a small amount 
of aerated marginal tissue on the lateral side 
of the upper lobe. The surface was elevated and 
nodular, other nodules being palpable within 
the substance of the organ. Dissection of the 
bronchial tree showed no evidence of malig- 
nancy or obstruction. Cut surface of the lung 
revealed extensive mottling of the studded sur- 
face, these markings being prominent through- 
out the central portion of the lung and the major 
portion of the upper lobe. These masses were 
confluent, presented a granular, carcinomatous- 
appearing surface and adjacent areas were more 
discrete but also presented a hard grayish car- 
cinomatous appearance. 

The right lung was similar in its upper and 
middle lobes. These lobes were fused and largely 
replaced by tissue similar to that found on the 
opposite side. The lower lobe was small and 
completely atelectatic. The bronchial tree on 
this side was free from gross obstruction or 
malignancy; there was no enlargement or 
apparent involvement of the mediastinal lymph 
nodes by this process. 

Microscopic examination of the lungs showed 
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Fig. 1. Case No. 1456. Here can be seen a transition 
from a flattened alveolar epithelium to cuboidal and 
columnar mucus-producing glandular epithelium. 
The septa are thickened and the dilated alveoli are 
filled with mucopurulent e-xudatc; low power. 

a similar picture in each, consisting of a hyper- 
plastic overgrowth of alveolar epithelium with 
a high columnar type in which the cytoplasm 
was clear with occasional mucoid, mucus fre- 
quently filling the distended alveoli. (Fig. 1.) 
This process was circumscribed into nodular 
areas by moderate interstitial fibrosis and in the 
uninvolved areas there was frequently pneu- 
monic consolidation. There was no evidence of 
malignancy. 

COMMENTS 

. A brief comparison of several points com- 
mon to both of these cases may help to 
emphasize some of the salient features of 
this disease. Onset was in the latter decades, 
^vith cough, dyspnea and production of 
sputum. Although .\-ray films of the chest 
in each patient pointed to pneumonitis, 
probably of a granulomatous type, they 
were not diagnostic. Specific ctiologic or- 
ganisms were not identified. Further routine 
laboratory procedures failed to be of value 
and examination of the urine and blood was 
negative. 

The clinical courses were somewhat 
parallel — a long gradual downhill trend 
accompanied pulmonary .symptoms, with 
occasional exacerbations. There was even 
more striking similarity pathologically; in 
each case dtcrc was the massive incrca.se 
in the size and weight of the lungs. Dcn.se 
adhesions fixed the lungs to the thorax; 
there was nodular con.solidation throughout 


and a variegated, mottled cut surface. 
Microscopically a particular pattern was 
observed. In or near the nodular areas was 
found a net-like arrangement, the stroma 
of which consisted of normal alveolar septa 
with variable increase in amounts of sup- 
porting tissue. This fibrosis was apparently 
the result of previous secondary infection 
and major increases were noticeable in 
older areas of the disease proce,ss as indi- 
cated by x-ray findings. The septa were 
lined by very tall columnar, mucus-pro- 
ducing, non-ciliated cells with oval or round, 
basal, vesicular nuclei. Larger areas of 
normal lung tissue were definitely separated 
from areas previously described by thick- 
ened alveolar septa, compressed or atel- 
ectatic lung and other areas of minimal 
alveolar lining hyperplasia and metaplasia. 
The presence of secondary infection influ- 
enced the picture. Grossly it added to the 
amount of exudate and to the mottled dis- 
coloration of the pleural and cut surfaces. 
The alveoli could be classified or divided 
according to the type and amount of exu- 
date they contained. Some contained only 
a few phagocytic cells, others were heavily 
choked with a mucopurulent exudate while 
still a third group contained a large number 
of round phagocytic cells in a background 
of mucinous material in which no evidence 
of infection remained. Most of the bron- 
chioles contained large amounts of muco- 
purulent material. None of these air passages 
showed any evidence of im^asive destruc- 
tion; most had thickened walls. In a number 
of sections there was inflammatory loosening 
and destruction of bronchiolar epithelium. 

Only one microscopic difference between 
these two cases was apparent. In the first 
case there was a larger proportion of mitotic 
figures among the hyperplastic alv'colar 
epithelial cells. Whether these represented 
activity of these epithelial cells themselves or 
of the rcticulo-cndothelial phagocytes could 
not be determined definitely. However, such 
figures were noted particularly in those cells 
which had been pushed well into the lurnina 
of the alveoli and many if not all appeared 
to give rise to the round phagocytic cells 
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which were extruded well into the lumina 
of the alveoli after division. 

Examination of seventy-six cases of pul- 
monary diseases from our slide library 
revealed varying amounts of pulmonary 
alveolar epithelial hypertrophy and hyper- 
plasia, the lining cells attaining a low 
columnar pattern in two cases of bronchi- 
ectasis. In no cases were tall columnar cells 
found or any evidence of mucus production. 
Little or no variation from the normal 
morphologic pattern was found in the usual 
case of acute pulmonary disease, for instance 
in fetal pneumonia, acute passive conges- 
tion, acute bronchial and lobar pneumonia 
and early stages of infarction. Occasional 
cases of chronic passive congestion showed 
no change in the areas studied. No change 
was seen surrounding a Ghon complex and 
only slight hypertrophy and hyperplasia 
were noted in four of five patients with 
lung abscess. In cases of pulmonary tuber- 
culosis much of the increase in size and 
number of alveolar lining cells appeared to 
be related to the increased number of 
alveolar phagocytes, but- this was not 
generally true as numerous phagocytes were 
found in patients with acute passive con- 
gestion, lobar and bronchial pneumonia and 
lung abscess in which only slight or no 
hypertrophy or hyperplasia were found. 
The cuboidal alveolar epithelial cells could 
be differentiated readily in most cases from 
the phagocytes and their precursors. 

These findings are similar to those of BelT 
and others and suggest that a diminution in 
the oxygen supply to an area of the lung 
may be the stimulus for hypertrophy and 
hyperplasia of the alveolar epithelium. 
However, review of these cases gives no 
clue as to the pathogenesis of metaplasia 
to mucus-producing columnar cells. 

SUMMARY 

Within one year two cases of benign pul- 
monary adenomatosis were discovered at 
autopsy. This is a comparatively rare condi- 
tion, only nineteen human cases having been 
recorded previously. However, almost all 
of them had histories and physical and x-ray 
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findings which were similar. These findings 
should lead the observer to suspect the 
condition if they arc seen again: (1) There 
is a long, slowly progressive downhill course, 
with pulmonary symptoms following an 
acute infection which never clears com- 
pletely. (2) There are exacerbations with 
partial remission of symptoms due to the 
superimposed infections. (3) X-rays show 
a diffuse conglomerate pneumonic infilti'a- 
tion, with little change over a period of 
months or years. (4) To date sputum 
examinations have revealed no causative 
organism. (5) Grossly the lungs are volumi- 
nous, heavy, with raised, moist, gray patches 
of tumor. Microscopically there is a trans- 
formation of the normal alveolar lining by 
hyperplasia and metaplasia to a benign 
mucus-producing columnar epithelium. 
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Chronic Pulmonary Granulomatosis 

Report of Ten Cases 

J. M. DeNardi. m.d.j H. S. Van Ordstrand, m.d, and M. G. Carmody. m.d. 

Cleveland^ Ohio 


I N 1943 two of us first reported the oc- 
currence in the United States of an 
acute pulmonary involvement occur- 
ring in workers extracting beryllium oxide. ' 
A subsequent, more comprehensive report 
of acute manifestations in these same pa- 
tients was published in 1945.“ Since the 
initial publication, beryllium and its com- 
pounds have been under investigation as a 
possible source of both acute and chronic 
conditions in man although final convincing 
proof of a relationship is still lacking. 

Industrial concerns employing and manu- 
facturing beryllium and its compounds have 
not waited for conclusive evidence of beryl- 
lium toxicity but began at once to develop 
measures to decrease exposure of their 
workers to this element. The industry has 
also taken steps to reduce the amount of 
beryllium compounds escaping through 
its various exhausts into the surrounding 
atmosphere. 

The syndrome under discussion is most 
commonly known as chronic pulmonary 
granulomatosis. It has been described by 
Hardy and Tabershaw® and by Higgins.'* It 
has also been referred to as miliary sar- 
coidosis, chronic granulomatous pneumo- 
nitis, delayed chemical pneumonitis and 
beryllium sarcoid. The purpose of this 
report is to make available clinical, labora- 
tory and roentgenographic data to aid in 
the early diagnosis and management of this 
chronic pulmonary disease. 

It is noteworthy that since 1944 or 1945 
exposure to beryllium has been much less 
frequent because of the steps taken by manu- 
facturing plants. Consequently, in pre- 
paring this report we wish to point out that 
the majority of the case histories presented 


in this paper were of those who were exposed 
to beryllium compounds prior to 1946. Of 
the many who were exposed before 1946 
only a small number have shown any 
symptoms. 

ETIOLOGY AND PATHOLOGY 

At present no etiologic factor or combina- 
tion of factors has been definitely established 
as the cause of chronic pulmonary granulo- 
matosis. Previously reported cases have been 
closely associated with the handling of phos- 
phorus in the manufacture of fluorescent 
lamps. ^ In the series of cases presented four 
of the patients worked in a plant producing 
beiyllium and four of the remaining six lived 
near the plant. However, consideration 
must also be given to agents other than 
beryllium such as infection, copper, man- 
ganese and zinc. On his last visit to Cleve- 
land, Dr. L. U. Gardner suggested the 
possibility of a diphtheroid organism or 
other bacteria or viruses becoming virulent 
in the presence of certain chemical com- 
pounds. In spite of the failure to identify the 
cause with certainty, public health officials 
as well as industrial sanitary engineers have 
drawn attention to beiyllium. 

Because of lack of knowledge of the exact 
etiologic factors, little has been advanced 
theoretically as to the pathogenesis of the 
disease. On the theory that the etiologic 
agent is an insoluble organic or inorganic 
compound it is possible that phagocytes, in 
the usual response to irritants, engulf the 
minute particles of the compound in the 
finer bronchioles and respiratory alveoli. 
Some of the cells die locally owing to the 
toxicity of the agent -with the characteristic 
tissue reaction of formation of sarcoid-like 
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nodules. Other cells are capable of migrat- 
ing into the local l^unphatic system and still 
others into the blood capillaries, a mecha- 
nism which would explain the nodular 
reaction. 

HISTORY 

Six of the ten persons reported had not 
worked with metallic beryllium or its com- 
pounds but four of them lived within a 
radius of 300 meters from a beryllium plant 
for periods of from one to four years. The 
fifth lived about three miles from the plant, 
where her husband was employed, but at no 
time did she handle his work clothing. 
Probability of direct exposure was ques- 
tioned but denied. The sixth patient lived 
approximately one-half mile from the plant 
for about one year. She had no complaints 
nor did she manifest any respiratory diffi- 
culty while in this area. Her residence since 
has been two to three miles from the plant 
and her only possible contact during this 
time has been \vith a friend whose father 
was employed in a beryllium plant. The 
entire exhaust material from the plant has 
not been thoroughly investigated; however, 
preliminary samples in the proximity re- 
vealed minimal contamination with beryl- 
lium compounds for a short distance only. 

All six of the patients hereby reported as 
out-plant cases were brunette women who 
ranged in age between twenty-two and 
thirty-five years. In five instances the disease 
had manifested itself from one to eight 
months postpartum. In the sixth instance 
the interval between deliver^' and onset of 
the disease was almost two years. Of the 
four remaining patients one worked in a 
beryllium plant for six weeks during the 
summer of 1941 and his earliest symptoms 
appeared while he was in the army in 1944. 
The second patient was employed in the 
laboratory' of a beryllium plant for twelve 
weeks from November. 1943 to February 
1944. and her first symptoms appeared in 
.'\ugust. 1946. Neither had any manifc.sta- 
tions of the acute form of the disease while 
%vorking in the beryllium plant. The third 
patient worked in a beryllium plant for 


eight weeks in 1941. He left this employ- 
ment after having developed a cough and 
shortness of breath which he attributed to 
chemical bronchitis. His first symptoms of 
chronic pulmonary granulomatosis appeared 
in January, 1946, and during the interven- 
ing years he had not been exposed to any 
other chemical or occupational hazards. 

The fourth patient developed an acute 
chemical bronchitis in May, 1945. Upon 
complete recovery two months later he 
returned to work as a beryl ore grinder. 
Within ten days he again disclosed clinical 
symptoms and findings of acute bronchitis. 
After full recovery'^ he was released from the 
industry in September, 1945 and has since 
avoided chemical contact. 

Clinical and Roenlgenographic Data. The 
clinical history^ was characteristic in all 
cases. The onset was rather insidious and 
because of the mildness of the process in the 
early months the patients failed to seek 
medical attention. The typical history was 
a mild productive or non-productive morn- 
ing cough usually following an acute coryza. 
In a few months the cough became more 
pronounced and dry' in character and 
sudden changes in air temperature and 
humidity' sometimes elicited a severe attack 
of paroxy'smal coughing. Substcrnal pain 
and discomfort were frequently' noticed 
during the coughing attacks or upon 
attempted deep breathing. 

Concomitant with the paroxysmal cough 
there was exertional dyspnea which became 
more pronounced as the disease progressed. 
Acrocyanosis, “watchgla.ss” fingernails and 
clubbing of the finger tips were present in 
the later stages. 

Physical examination in all patients 
revealed some weight loss, depending upon 
the stage of the disease. The v'ital capacity 
was diminished greatly', chest expansion 
was definitely' limited and substcrnal pain 
was c.xpericnced at the height of inspiration. 
The pcrcu.ssion note was resonant throueh- 
out and fine, crackling rales were nudii)le 
in the hilar areas in the advanced stages of 
the disease. .Abdominal examination jirovcfi 
entirely negative in all except Case 1 during 
jfirn*. Ai f»r virw'.i'H 
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the terminal months of the illness. No such 
skin or glandular lesions as were described 
by Higgins^ have been observed. 

Laboratory studies, including complete 
blood counts, Kline and Kahn tests, uri- 
nalysis, sedimentation rate, non-protein 
nitrogen and blood sugar determinations 
were within normal limits in all cases. 
Albumin globulin ratio was within normal 
limits in all cases. 

Chest roentgenograms revealing a ground- 
glass appearance with minute nodules 
throughout the lungs is one of the outstand- 
ing characteristic diagnostic features of the 
disease. The small nodules are unquestion- 
ably the result of coalescing granules. The 
fact that symptomatic onset of the disease 
precedes positive roentgenographic findings 
by several months is verified in the histories 
of the reported cases. Roentgenograms of 
the hands in all living patients did not reveal 
any abnormalities. 

Two of these patients died and autop.sies 
were performed. Nodular lesions were con- 
fined to the lungs, hilar glands and the 
liver. The pathologist’s reports are given 
in detail in connection with Cases i and ii. 
Beryllium was not recovered from the tissues 
of one of the patients in whom an autopsy 
was performed; in the other quantitative 
studies were equivocal. Beryllium analysis 
of the urine revealed small amounts in two 
patients (Cases vi and vii) and none in the 
other two patients (Cases iii and v). 

Differential Diagnosis. There is need for 
great caution in making a specific roent- 
genologic diagnosis, especially on single 
plate observation. All other possibilities 
must be eliminated by exhaustive exposure 
investigation, by serial roentgenogram study, 
by clinical course pattern and by laboratory 
procedures. Furthermore, the possible co- 
existence of multiple etiologic factors must 
be given consideration. Differential diag- 
nosis must include consideration of miliary 
tuberculosis, tuberculosilicosis, Boeck’s 
sai'coid,*’’^ miliary carcinomatosis,® pneu- 
moconiosis,®'^® erythema nodosum, coc- 
cidioidomycosis^® and acute chemical 
pneumonitis.^®’^® Differential highlights 
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have been given by Pascucci^-’ in his recent 
report of similar cases. 

Prognosis. The prognosis remains guar- 
ded. Most cases have been diagnosed in the 
later stages of the disease while only a few 
have been detected in an earlier phase. At 
the present time the first patient seen in con- 
sultation with Dr. L. U. Gardner in 1945 is 
living and while she has improved clinically, 
roentgenograms of the lungs remain un- 
changed. Three others (Cases vi, vii and 
viii) have manifested clinical improvement 
in the last six months and are allowed 
minimal physical exertion. 

Treatment. No specific treatment has 
been suggested up to the present. Since the 
cause or causes are not yet established, 
treatment is empirical. BAL (2,3 dimer- 
captopropanol) has been used without 
particular success. Aminophyllin, benadryl 
and cough sedation -have been used sympto- 
matically with some degree of relief. In two 
patients during attacks of chills, high fever, 
shortness of breath and severe acrocyanosis 
intravenous injection of 10 to 50 mg. of 
benadryl produced an amazing alleviation 
of symptoms immediately and a sudden 
drop in the temperature to normal, a con- 
dition which persisted for several days. 

The most effective treatment at present 
depends upon early diagnosis and consists 
of prescribing minimal exertion so that the 
patient’s physical reserve is not impaired. 
It has been observed that a clear, dry and 
warm environment is conducive to clinical 
improvement even though roentgenographic 
findings remain unchanged. Because of de- 
creased vital capacity in these patients, 
great caution must be observed to avoid any 
acute respiratory infection. 

CASE reports’®" 

Case i. A white woman, who ivas thirty'- 
eight years old at the time of her death on 
July 15, 1946, complained of a progressive 
respiratory difficulty of two and one-half years 
duration. The apparent onset was in January, 

* Clinical data furnished through the courtesy of 
Dr. M. E. Kishman. Dr. L. Hait, Dr. H. Marsico of 
Lorain, Ohio, and Dr. Russell Dickason of Vermilion. 
Ohio. 
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Fig. 1. Case i. Fine difiiise granular infiltration through- 
out lung fields, with cardiac silhouette of secondary 
cor pulmonale; five months prior to death. 


1944 when the patient suffered a cold after 
which she e.\pericnced persistent weakness, a 
slight but constant cough, dyspnea on exertion 
and a slight loss of weight. She did not have 
chills or fever. On April 13, 1945, she was de- 
livered of her second child and on October 12th 
staled that she had lost over 20 pounds during 
the preceding summer. Her cough had become 
more pronounced and also spasmodic and while 
it had been productive during the summer was 
dry at the time of examination. She complained 
of severe dyspnea and of substcrnal pain on 
inspiration. Examination revealed acrocyanosis 
and slight clubbing of the fingers and toes. 
Expansion of the chest was diminished, but 
percussion and auscultation revealed no ab- 
normality. There was some retraction of the 
supraclavicular spaces during inspiration. IVith 
the patient in the sitting position, distention of 
the jugular veins was evident almost to the 
angle of the jaw bilaterally. 

Two weeks later the pulse rate was 96. The 
temperature and blood pre.ssurc were normal. 
Urinalysis, blood count and Kahn and W’asscr- 
mnnn tests were also normal. .An electrocardio- 
gram showed slight right axis deviation. 

Three months later, in Februar\', 1946, the 
patient's condition had become worse. She 
complained of a painful, pulling sensation in 
the mediastinum when in the recumbent posi- 
tion. Severe exertional dyspnea was prc-scnt. 


About five months later and five weeks before 
her death examination of the chest revealed fine 
crepitant rales at the bases with sibilant rales 
over the hilar areas. Chest expansion was 
limited. Edge of the liver was palpable 2 cm. 
below the costal margin. There was edema of 
the ankles and feet. A month later on July 13. 
1946, there were signs of early right-sided 
cardiac failure. The patient died two days later. 

During 1944 and until August, 1945 the 
patient had lived about two blocks from a plant 
extracting and using bcrjdlium. She then moved 
approximately one and one-half miles away. 
She first noticed symptoms on foggy days in 
January', 1944 when she could smell fumes from 
the plant. From September, 1944 to April, 1946, 
some three months preceding her death, five 
roentgenograms* of the chest were taken, one 
of which is sho\vn in Figure 1. 

An autopsy was performed. The significant 
observations made on microscopic examination 
of the lungs by the staff pathologist arc as 
follows: 

The alveolar walls were irregularly thickened 
by infiltration of lymphocytes and focal accumu- 
lation of histiocytes and foreign body giant cells. 
No necrosis was apparent. Occasional small 
purplish staining (calcified) lamellatcd bodies, 
50-75 micra, were present in infiltrate. In 
patches small irregular alveoli with cuboidal 
epithelium enclosed by thickened walls were 
evident, and other patches of dilated alveoli 
with partly thin, partly thickened walls. Con- 
nective tissue septa were only partly involved 
by infiltrate; pleura shotved a moderate lympiio- 
cyte infiltrate and rare histiocyte focus. 

One parabronchial lymph node showed fre- 
quent, poorly demarcated foci of large mono- 
nuclear cells, frequent giant cells of Langhans 
type and occasional calcified bodies. A small 
branch of pulmonarv’ arterv’ revealed marked 
intimal thickening due principally to connective 
tissue increase but with small foci and single 
lipophages. The anatomic diagnosis was chronic 
granulomatous interstitial pneumonitis and 
chronic granulomatous lymphadenitis. A typical 
area of gr.anuloma of the lung is shown in 
Figure 2. 

There was severe parenchymatous degenera- 
tion of the liver. Occasional nodules with giatit 
and round cells were found. There were in- 
crc.a.sed numlx.‘rs of round cells in the porta! 

* All r(>c-nti;eno'.:mim svrrc rc.id niiil intcrjirrl'-i! !>■' 
Dr. Drlii'-rt Rtu-x-il, Forji'n. Ohio. 
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Fig. 2. Case i Typical area of pulmonary granuloma- 
tosis. A focal accumulation of histiocytes and foreign 
body giant cells with infiltration of lymphocytes; no 
apparent necrosis. 


tracts. The pathologic diagnosis was chronic 
granulomatous interstitial pneumonitis. 

The results of beryllium determinations per- 
formed on lung tissue were as follows: mg. 
Be/sample — Nil or <0.000015; mg. Be/100 
Gm. — ^Nil or <0.00008; results of similar 
determinations on the formalin in which the 
tissue was sent were as follows: mg. Be/sample 
— Nil and mg. Be/L. — Nil. 

Case n. A white woman, aged twenty-five 
at the time of her death February 17, 1948, 
complained of a mild non-productive cough 
and steady loss of weight over a period of nearly 
two years. The loss of weight in the two-year 
period was 11 pounds. About one and one-half 
years before she died in June, 1946 she noticed 
dyspnea on exertion and intermittent fever and 
arthralgia. 

On August 12, 1946, this patient had a pulse 
rate of 100 with normal temperature and blood 
pressure. There were a few fine crepitant rales 
over the lung bases posteriorly but no other 
physical findings in the chest. Vital capacity 
was approximately 70 per cent of normal. 
Urinalysis and blood studies were normal. At 
this time a roentgenogram of the chest revealed 



Fig. 3 Case ii Minute nodulation throughout all lung 
areas, five months prior to death. 


accentuated hilar shadows especially on the 
right side with a diffuse, generalized granular 
appearance of all lobes of the lungs. 

By June, 1947, about seven months prior to 
death, the patient had developed purpuric areas 
of the skin and mucous membranes. She had 
suffered from a severe pulmonary hemorrhage. 
Laboratory studies at this time revealed a 
deficiency of platelets and secondary anemia; 
roentgenograms of the chest showed some 
clearing of the lung field without associated 
evidence of clinical improvement. An x-ray of 
September 9, 1947, is shown in Figure 3. 

The final roentgenograms in November, 1 947 
about three months prior to her death revealed 
a generalized granular infiltration throughout 
both lungs. Shortly preceding death acrocyano- 
sis became evident, aggravated by slight exer- 
tions. Clubbing of the fingers was present. 
Excursions of the chest were rapid and shallow. 
Heart rate was 124. Fine and coarse, moist rales 
were audible throughout both lung fields. 
Occupational exposure to chemicals could not 
be determined. During 1941 the patient had 
lived approximately one-half mile from a 
beryllium plant. She had two normal preg- 
nancies and deliveries in 1942 and 1944. 

An autopsy was performed and the results of 
the microscopic examination of the tissue \\as 
made by the staff pathologist. Focal accumula- 
tions of histiocytes of foreign body and Langer- 
hans’ type \\ith variable numbers of lympho- 
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cytcs and plasma cells were found in the lungs 
principally in the interstitial tissue of the 
alveolar walls. Fibroblastic proliferation was 
present, usually focally arranged. However, in a 
subpleural zone, approximately 0.5 cm. in 
thickness, there was in addition to the focal 
lesions a fairly pronounced diffuse increase in 
thickness of the alvolar walls due to connective 
tis.stfc proliferation and an infiltration of variable 
numbers of lymphocytes and plasma cells. 
The alveolar lumina in this latter zone were of 
definitely reduced size and contained a few 
alveolar phagocytes and occasional polymor- 
phonuclear cells. Necrosis was not apparent in 
the tubercle-like lesion. Tags of loosely arranged 
fibrous ti.ssue and sometimes diffuse patches of 
loosely arranged connective tissue were present 
on the pleural surfaces. A moderate amount of 
pink-staining granular coagulum was apparent 
in some alveoli. In certain areas the alveoli were 
greatly dilated and the atriae of bronchi pre- 
sented similar dilatation. In one section there 
were a few small zones of hyaline fibrosis, in- 
cluding brownish-black pigment, with marginal 
histiocytes. Photomicrotjraph of luntt tissue is 
.seen in Figtirc 4. 

There were many focal accumulations of 
histiocytes and an occasional giant cell in the 
Ivmph nodes. (Fie- 5.) A moderate amount of 
hyaline fibrosis was present in patches. The 
lultercles were discrete and showed no tendency 
to contilomcration: the sinuses were widened. 
Sinuses were prominent in the spleen but con- 


tained only a few red cells. There was an increase 
of connective tissue of the pulp. In an occasional 
nodule there was a discrete accumulation of 
histiocytes with reticulo-cndothclial cells and 
rarely wdth a giant cell of foreign body type. 
None of these were apparent in the pulp. An 
occasional small patch of hyaline fibrosis was 
detected in the lymph nodules. 

Principally in the central areas of the liver. 
Figure 6, but also to a slight extent in the mid- 
zonal areas, there were small patches of necrotic 
liver cells, with a moderate number of poly- 
morphonuclear cells at times in the vicinity of 
the o.xyphilic liver cells. 

Pathologic diagnosis was interstitial eranu- 
lomatous pneumonitis, granulomatous lymplia- 
denitis, chronic passive congestion of the spleen, 
slight toxic splenitis and moderate focal necrosis 
of the liver. 

C.\SK III. A twenty-five year old white 
woman first noticed a dr>’ cough in Dccenilier, 
1944. Dyspnea on exertion did not develop until 
a year later following the birth of a second child. 
At this time the patient also had anorexia, some 
loss of weight and pain in the .substernnl recion 
which was accentuated by attempted deep 
inspiration. .Ml of the.se symptoms became 
progressively worse. 

At the time of c.xarnination on Febniary K*. 
1948, a small amount of exertion prcKiuced 
dyspnea, acrocyanosi.s and a disaerceahle 'ii.'O- 
inodic coueh prcKluctisx- of mucoid spututu 
devoid of blood. The “couehimt siielb" verr 
f r ic.s *. joi-k-.a: vfi'ioist 
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Fig. 7. Case iii. Bilateral pneumothorax complicating diffuse pulmonary granulomatosis. 

Fig. 8. Case vii. Punctate type of granulai -appearing infiltration diffusely scattered through both lung fields. 


worse in the morning and were aggravated by 
breathing cold air. The patient was afebrile 
throughout the illness. 

The patient weighed only 85 pounds. Pulse 
rate was 86 and the blood pressure was 90/65. 
Vital capacity was one-third of calculated nor- 
mal and the lungs were resonant to percussion. 
Expansion of the chest was greatly limited. Fine, 
moist rales and sibilant rhonchi were audible in 
both lung fields. There was severe acrocyanosis 
with clubbing of the fingers. Routine urine and 
blood studies did not reveal any serious ab- 
normalities either at this time or a month later. 
Roentgenograms of the chest disclosed a 
generalized, diffuse, granular, streaky infiltra- 
tion throughout both lung fields. There was 
bilateral pneumothorax. (Fig. 7.) 

The only possible occupational exposure 
occurred while the patient worked in a tooth- 
paste packing room and inhaled a considerable 
amount of paper dust during the latter months 
of 1943. Her husband worked in a beryllium 
plant for about eight weeks after their marriage 
in December, 1942, but the patient did not 
handle any of his working clothes nor did any 
respiratory symptoms develop during this 
period. Exertional dyspnea became apparent in 
1945 immediately after the birth of a second 
child. 

A roentgenogram of this patient’s chest on 
slptember, 1949 


March 23, 1948, is shown in Figure 7 with 
bilateral pneumothorax complicating diffuse 
pulmonary granulomatosis. 

Case iv. A \vhite woman, who was thirty- 
four years old when first observed in April, 
1945, complained of chills, tightness and pres- 
sure over the chest, some shortness of breath 
and palpitation of the heart on slight exertion. 
She had lost 10 pounds during the preceding 
eight months. The symptoms had become 
progressively more severe and included a change 
in the color of her fingernails. The symptoms 
were reported to have begun in April, 1942, 
eight months after a pregnancy ^\’hich ^vas the 
patient’s fourth. 

Physical examination revealed engorgement 
of the veins of the eyegrounds and cyanosis of 
the lips. The chest was resonant throughout, but 
expansion was definitely diminished. Fine, 
moist rales were heard throughout the lungs, 
especially over the bases; the edge of the liver 
w^as barely palpable. Acrocyanosis and slight 
deformities of the finger tips were present 
although urinalysis and routine blood studies 
revealed no particular abnormalities. A roent- 
genogram sho^ved a diffuse miliar}’^ type of 
infiltration throughout both lung fields giving a 
groundglass appearance. The hilar and main 
Gonchial trunks showed increased markings 
in both lung fields. 
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During her three week hospitalization she 
received calcium gluconate intravenously and 
aminophylline. For ttvo weeks she was given 
20.000 units of penicillin ever)’ four hours. 
Slight improvement occurred with some clear- 
ing of the apices of the lung, lessened fatigue 
and shortness of breath on c.xertion and diminu- 
tion in the amount of sputum. The patient was 
somewhat improved six months later but still 
complained of dyspnea on exertion. Chest 
examination revealed some limitation of c.x- 
pansion and sibilant rhonchi were heard 
throughout the hilar areas and bases; vital 
capacity was 82 per cent of calculated normal. 
Laboratory' studies were essentially within 
normal limits and roentgenograms of the chest 
disclosed a diffuse miliary type of infiltration 
throughout both lung fields. IDuring the eight 
months preceding her initial examination the 
patient had been exposed to inhalation of fumes 
from a beryllium plant located about 100 feet 
from her residence. She was not, however, em- 
ployed by the plant or apparently otherwise 
exposed. 

On June 29, 1948. she gave birth to a normal 
boy following an uneventful pregnancy. When 
re-examined on October 1, 1948, she stated that 
she had improved considerably since leaving the 
neighborhood of the beryllium plant. The vital 
capacity was increased to 90 per cent of the 
computed normal and the acrocyanosis and 
clubbing of the fingers were comparatively less 
pronounced. 

Case v. A twenty-one year old w hitc woman 
\eas first examined in September, 1947, her 
symptoms dating from about nine months 
previously \sbcn she had developed a spasmodic 
cough with some production of mucus. Shoitly 
thereafter slic noticed some dvspnea on exertion 
which was aggravated on damp days. Coughing 
spells were also more acute on damp days and 
in the mornings. Substcrnal pain and lightness 
became apparent, and a month or i\%o before 
her visit her fingernails turned blue and showed 
a tendency to curve downward. Chills and 
fever were also reported. 

On the day of admission to the hospital in 
SeptcinlKr. 1^47 the patient developed dyspnea 
with chills and fever. Her temperature was 
lO't't.. pulse 134 and respiration 35 .\cro- 
cyanosis with clubbing of the fingers were evi- 
dent. .\ persistent cough existed, perspiration 
w.is proiuse .md the patient’s breathing was 
rapid and shalkm. 1 inc and coarse moist rales 


were heard over the right lung and sibilant 
rhonchi over both lungs. Chest expansion was 
greatly limited. Urinalysis was negative and the 
blood count was within normal limits except 
for a leukocytosis of 10,450. 

Roentgenograms, Figure 8. revealed a wide- 
spread, diffuse, miliary-like, granular-appearing 
infiltration throughout both lungs. Each grannie 
appeared to be discrete. The patient was given 
oxygen almost constantly for a week and peni- 
cillin for tw'o weeks. Streptomycin was ad- 
ministered for five day’s. A loentgcnogram taken 
at the time of discharge from the hospital 
seventeen days after admission did not show any 
appreciable change. 

The patient was re-examined about two 
months later. Her vital capacity was 86 per cent 
of calculated normal and the laboratory tests 
were essentially normal. 

This patient for the appioximatc five years 
from 1940 to 1945 had lived within one block 
of a beryllium plant. In Kovember, 1945 she 
moved about 1 mile away but returned to the 
earlier address in January, 1947 shortly before 
the first symptoms became manifest. The same 
month she gave biith to a son. She was ex- 
amined on June 29, 1948, and stated that since 
moving to her new residence three months ago 
she had noticed a definite improvement. The 
vital capacity was 90 per cent of normal hut 
physical examination of the chest was the 
same as on the last examination. 

C\sr v'l. A white woman, twenty-eight vears 
old, first noticed symptoms in December, 1946 
These symptoms of weakness and loss of ambi- 
tion became piogrcssivcly worse. Ajjpioxi- 
matcly five months later in May, 1947 she 
developed a spasmodic non-productive cough, 
more pronounced in the mornings on awaken- 
ing. .'\bout one month later the cough became 
productive with mucus occasionally slighil) 
tinged with blood. The cough grew worse when 
she inhaled fumes from a beryllium pl.mt near 
which she lived. Fever and chills al frequent 
intervals devdoi)ed in July, 1947. .At this time 
she had a fever of over 101°i . The symptoms of 
dvspnea were more evident on humid d.ivs 
while the patient had lost 22 pounds Iwtveen 
the onset of her symptoms and the time wheji 
she was first obs<Tved on .\'ovemi>er 2S, U*" 

A bluish color of her fingernails vv.is nnf<o 
during the summer of !9t~ as well as dov. mv.’ro 
curving of the fmgern.iils On .M.tv 2^, 19t', 
the patient completsd her^xond preen. mrv 
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On examination acrocyanosis was noted with 
slight clubbing of the finger tips. Systolic pres- 
sure was lOOj pulse rate was 120, the vital 
capacity was 68 per cent of normal and the 
chest expansion was definitely diminished. Fine 
crackling rales and sibilant rhonchi were 
audible, especially in the hilar and basal 
areas of the lungs. Resonance of the lungs was 
normal. 

Roentgenograms of the chest revealed a 
diffuse granular type of infiltration throughout 
both lung fields. The granular areas were some- 
what discrete and generalized haziness was 
shown throughout both lungs. Examination of 
the urine and blood did not reveal any serious 
abnormalities except a white blood cell count 
of 13,300. 

This patient had lived approximately one 
block from a beryllium plant for the four years 
preceding her first examination in November, 

1947, i.e., over three years before any symptoms 
became manifest. She was last seen in June 1, 

1 948, and had improved definitely since leaving 
the neighborhood of the beryllium plant. How- 
ever, she still complained of cough and shortness 
of breath on exertion. Examination of the chest 
did not reveal anything new. The vital capacity 
was 68 per cent of computed normal. 

Case vii. A white man aged twenty-seven 
developed a cough with chills and fever in 
December, 1944 while he was in the army. 
Roentgenogram of the chest at that time was 
negative. The chills, fever and cough persisted 
with the symptoms most pronounced early in 
the morning. The cough was non-productive. 
The patient had lost 8 pounds during the six 
months prior to December 1, 1947, at which 
time he complained of weakness and exertional 
dyspnea with some substernal pain and tightness 
of the chest on inspiration. The symptoms were 
more evident on humid days. 

On examination there was definite acrocyano- 
sis with slight clubbing of the fingers and toes. 
Pulse rate was 78. Chest expansion ^vas restricted 
and the vital capacity was 74 per cent. Sibilant 
rhonchi were heard intermittently over both 
lung bases. Roentgenograms of the chest (Fig. 8) 
showed slight enlargement of the hilar shadows 
but there was no suggestion of nodulation. A 
punctate type of granular-appearing infiltration 
was diffusely scattered through both lung fields. 
The patient has been under observation since 
that time and has grown progressively %vorse. 
Laboratory tests are essentially normal. 
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The patient had worked in and around a 
beryllium plant for six weeks during the sum- 
mer of 1941. His work consisted principally in 
the construction and handling of bags of 
beryllium oxide and what he thought was 
beryllium sulfate. He cleaned out several sulfate 
vats. He did not complain of any illness during 
this period, but dust from the bags irritated his 
throat and produced a cough. With the excep- 
tion of these six weeks, he was either working 
on a railroad or serxdng in the armed forces 
until February, 1946. Since that time, he has 
been employed in a radiator plant where his 
work consists of the chemical testing of iron for 
sulfur, silica and carbon. He has worked with 
calcium carbide frequently. 

He was last e.xamined on June 29, 1948, at 
which time he complained of frequent attacks 
of hyperpyrexia associated with dyspnea. These 
attacks had occurred at intervals of from two 
to three times a week during the previous t\vo 
months. Examination at that time revealed the 
same chest findings as on the last visit. The vital 
capacity was 47 per cent of normal. The weight 
was 124 pounds and the temperature 98°f. 

Case viii. A white woman thirty-nine years 
old began to exhibit symptoms in August, 1946, 
At that time she developed a cold \vith a cough 
which persisted until December 1, 1947, the 
time of her first examination by us. At first the 
cough was non-productive but after several 
months sputum was present in the morning. 
During inspiration and the coughing attacks 
she was aware of substernal pain and tightness 
of the chest. In July, 1947 she experienced 
dyspnea on exertion which has grown progres- 
sively worse. By December, 1947 she was able 
to do only light housework without discomfort. 
During the entire illness her appetite was good 
and she gained 8 pounds from June, 1947 to 
December, 1947. 

Physical examination did not disclose any 
acrocyanosis or abnormal changes of the 
fingers. Pulse rate was 76. Expansion of both 
lunss was adequate and equal. Vital capacity 
was 95 per cent of computed normal although 
a few wheezy rales were audible throughout 
the hilar areas. Routine laboratory tests uerc 
essentially normal. Roentgenograms on Decem- 
ber 1, 1947, Figure 9, revealed a slight enlarge- 
ment of the hilar shadows but no nodulation. 
There was a punctate type of granular-appear- 
ing infiltration diffusely scattered through both 
lung fields. 
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Tig. 9 Fic. 10 

Tig. 9. Case viii. Diffuse granular infiltration of lungs 
TtG. 10. Case x. Roentgenogram of chest shows diffuse granulai infiltration 


This patient was employed in the laboratory 
of a beryllium plant from November, 1943 to 
March, 1944. During this period she did not 
have any respiratory complaints, but because 
of a papular rash of the hands and forearm was 
advised to give up her work For the next three 
years she resided in northern California and 
Oregon. 

The patient was examined on June 8, 1948, 
and stated that except for some exertional 
dyspnea she felt decidedly improved since the 
last examination. She has not experienced any 
cough during the last month Examination of 
the chest failed to reveal any additional findings 
since the previous examination. The vital 
capacity was 77 per cent of normal 

Case ix. A white man aged twenty-six 
complained of exertional dyspnea and a per- 
sistent cough which had been present from 
January, 1946 to May 20, 1947. In January, 
1946 he had the ‘‘flu” with accompanying cough, 
shortness of breath and arthralgia The cough 
was persistent and produced mucoid sputum 
without blood. He did not have fever. His 
appetite was poor and he lost 50 pounds in the 
first twelve months of his illness. 

On physical examination his temperature 
was found to be normal and his pulse rate 98 
Chest expansion was diminished and vital 


capacity was approximately 50 per cent of 
normal. The lungs were resonant to percussion 
but a few fine crepitant rales were heard over 
both apices and bases. Roentgenogram revealed 
an extensive generalized granular appearance 
of all lung lobes. Laboratory studies were 
essentially normal. 

This patient had worked in the fluoride 
process department of a beryllium plant during 
the last eight weeks of 1941. His reason for 
leaving this work was development of cough 
and shortness of breath. However, he has not 
experienced chemical or occupational exposure 
since that time . 

His course since October, 1947 does not 
indicate any clinical improvement although he 
continued to work contrary to medical advice 

Case x A white man, forty-eight years old 
at the time of examination on April 26, 1948, 
complained of a persistent spasmodic pro- 
ductive cough, anorexia with weight loss and 
progressive exertional dyspnea beginning m 
early October, 1947. Since the onset of the 
illness, he lost over 40 pounds. The coughing 
attacks have become more fiequent and longer 
in duration and productive of a greenish 
sputum. Exertional dyspnea became so pro- 
nounced that he was forced to give up his work. 
At present exertional dyspnea is often accom- 
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panied by vertigo. He has experienced some 
mild chills and at times stated that he “felt hot.” 

Physical examination revealed a normal tem- 
perature, pulse rate of 75 and respiratory rate 
of 20. There was no respiratory distress or 
acrocyanosis and changes of the finger tips. 
The blood pressure was 96 mm. Hg systolic and 
70 mm. Hg diastolic. The vital capacity was 
82 per cent of nofmal and the breath holding 
test was 20 seconds. 

The chest expansion was slightly diminished 
with the patient’s complaint of substernal dis- 
comfort at the limit of inspiration. The per- 
cussion note was resonant and equal throughout. 
Breath sounds were of normal character 
throughout both lungs and no adventitious 
sounds were audible. Pulmonary roentgeno- 
grams showed a diffuse, granular and fibrous- 
appearing infiltration throughout the paren- 
chyma of both lungs. There was some associated 
prominence of the hilar shadows but no nodula- 
tion at the hila. (Fig. 10.) Laboratory studies of 
the blood and urine were essentially normal. 

The patient was employed in a beryllium 
plant on April 30, 1945, and first worked for 
seven days handling beryllium fluoride until 
transferred to the crystallizing sulfating depart- 
ment for a period of nine days previous to onset 
of symptoms on May 30, 1945, when he de- 
veloped exertional dyspnea and a productive 
spasmodic cough. The clinical and roentgen- 
ologic diagnosis at that time was acute chemical 
bronchitis probably due to beryllium salts. He 
recovered from this initial attack and returned 
to work in the same plant on July 9, 1945, in 
the ore grinding mill. After an additional ten 
days of work he developed a second attack of 
acute bronchitis and following complete re- 
covery he was given a medical release from the 
industry on September 11, 1948, because of his 
recent illness. 

This patient was seen on June 28, 1948, and 
still complained of a spasmodic cough, shortness 
of breath and loss of weight. Examination of 
the chest failed to reveal any changes. The vital 
capacity was 71 per cent of normal. His weight 
was 145 pounds. 

SUMMARY* 

From a review of the pertinent data in 
ten cases, including two patients who died, 

* Since this report was submitted three additional 
patients have been seen. One patient died and necropsy 
was performed with findings similar to those previously 
reported. 
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it is apparent that a characteristic sequence 
of clinical symptoms and the typical ap- 
pearance of roentgenograms permit ac- 
curate diagnosis in chronic pulmonary 
granulomatosis. A history of exposure to 
certain chemical hazards may aid in the 
diagnosis, but conclusive evidence of ex- 
posure cannot always be secured. Specific 
treatment is not available. Certain drugs 
may be used symptomatically ^vith some 
degree of relief of subjective symptoms. The 
most effective treatment at present is ade- 
quate rest and the avoidance of respiratory 
infection. All evidence points to early 
diagnosis as the prime requisite for proper 
treatment. 
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Prognosis of Acute Myocardial Infarction* 

F. Tremaine Billings, Jr., m.d., Bernard M. Kalstone, m.d., James L. Spencer, m.d.. 
Con O. T. Ball and George R. Meneely, m.d. 

Nashville, Tennessee 


C linical expressions of coronary ar- 
tery disease vary greatly, ranging 
from immediate death following 
sudden complete occlusion of a coronary 
artery to a variety of phenomena resulting 
from the encroachment upon cardiac re- 
serve and cardiac function of a more 
gradually reduced blood supply to the 
myocardium. 

This paper records an analysis of 240 
cases of acute coronary artery occlusion or 
acute coronary insufficiency of such degree 
as to produce myocardial infarction. The 
purpose of the study is to determine, by a 
detailed analysis of the hospital records of 
patients with acute coronary artery occlu- 
sion or acute coronary artery insufficiency 
resulting in infarction, whether any of the 
data in the clinical history, physical ex- 
amination or laboratory investigations are 
consistently useful in predicting the train of 
events following the acute episode. 

In the first part of the report particular 
note has been made of factors having a 
bearing on immediate mortality. The term 
immediate mortality has been arbitrarily 
used to connote death within thirty days of 
the acute attack. In the second part advan- 
tage has been taken of an unusual oppor- 
tunity to correlate data acquired from 
study of the acute heart attack with informa- 
tion concerning patients who were alive 
after the thirty-day period. One hundred 
forty-three of the two hundred forty pa- 
tients whose records were analyzed survived 
the ''acute attack. Follow-up data were 


obtained eoncerning all of them and in- 
formation was available regarding the 
amount of physical activity in which 120 
of these survivors were able to participate. 

We recognize the limitations imposed 
upon this study by the nature of the mate- 
rial. Many patients who develop acute 
coronary occlusion and myocardial infarcts 
die immediately before reaching a hospital, 
others are too sick to be moved, while still 
others are not considered sick enough to be 
taken to a hospital.’ 

The diagnosis of coronary occlusion with 
myocardial infarction was listed in 591 
clinical records from the wards of the 
Vanderbilt University Hospital during the 
years 1925 to 1946 inclusive. Two hundred 
forty cases satisfying one or more of the 
following criteria constitute the material 
for this study: (1) The typical clinical 
picture of pain not necessarily produced by 
increased demands on tlie cardiovascular 
system nor relieved by nitrites or rest, and 
usually accompanied by signs of shock, 
tachycardia, fall in blood pressure, elevation 
of temperature, leukocytosis and acceler- 
ation of the erythrocyte sedimentation rate. 
(2) Electrocardiographic changes indicative 
of acute local myocardial damage. (3) The 
demonstration at autopsy of a recent 
myocardial infarction with or without a 
completely occluded coronary artery, or 
complete occlusion of a coronary artery 
with or without an acute infarct. Thus there 
was convincing evidence in each case that 
a recent acute episode related to coronary 


* From the Department of Medicine, Vanderbilt University School of Medicine, Nashville, Tenn. This work was 
supported in part by research grants from the Division of Research Grants and Fellowships of the National Institutes 
of Health, U. S. Public Health Service, The John B. Howe Medical Research Fund, The Eli Lilly Co., The Ciba 
Pharmaceutical Products, Inc. and the Research Laboratory of the Thayer Veteran’s Administration Hospital. 
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artery disease had ocurred and that serious 
damage either to the myocardium or to a 
coronary artery or both was present. 

Three hundred fifty-one of the five 
hundred ninety-one cases were not included 
because; (1) The criteria necessary for a 
positive diagnosis were not fulfilled; (2) the 
hospital admissions were for diagnosis or 
evaluation of physical status or for rehabili- 
tation some time after an episode of acute 
coronary disease; (3) a few patients with 
acute coronary disease died so soon after 
admission to the hospital that there was no 
opportunity to obtain data necessary for 
this study. 

The record of only one attack was 
analyzed in each case. One hundred 
eighty-four records were of first attacks of 
myocardial infarction, the remaining fifty- 
six records were of patients observed during 
a second or subsequent seizure. 

In reviewing the records it was fre- 
quently difRcult to determine exactly when 
the acute attack began. Often there was a 
description of repeated, severe episodes of 
substernal pain followed within a few hours 
or days by a more severe but otherwise 
similar episode accompanied by the symp- 
toms, signs and laboratory findings of 
myocardial infarction. We believe that these 
premonitory symptoms were those of coro- 
nary artery failure^ without permanent 
damage to cardiac muscle, and that when 
the blood supply to the myocardium be- 
came so deficient as to result in death of 
muscle the typical picture of myocardial 
infarction developed. 

In the statistical interpretation of the 
data in this report differences of 2.6 stand- 
ard deviations or more (a probability of .01 
or less) have been considered to be “signifi- 
cant.” Differences of more than twice the 
standard deviation are considered “proba- 
bly significant.” In Tables iv, vi, x and xi 
the asterisks denote that there is a signifi- 
cantly greater mortality among those cases 
in which the phenomena so marked are 
present than among those in which they are 
absent. Obviously conclusions cannot be 
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3.57 

drawn from percentages computed on small 
numbers. 

IMMEDIATE PROGNOSIS OF MYOCARDIAL 
INFARCTION 

Sex and Age Incidence. In the group of 
240 patients with acute manifestations of 



AC£ OF PATIENTS By DECADES 

Fig. 1. Frequency distribution by age and se.K. 


coronary artery disease there were 175 
males and 65 females, a ratio of 2.7 to 1. 
There were ninety-seven deaths within 
thirty days of the acute episode, or an 
immediate mortality of 40.4 per cent. 
Among the 184 patients whose first acute 
attack was studied the ratio of males to 
females was 2.3 to 1. Figure 1 demonstrates 
the frequency distribution by age and sex 
among these patients. In this group the 
immediate mortality was 36.4 per cent. 
As was to be expected the immediate 
mortality was higher, 53.6 per cent, with 
the occurrence of a second or third attack. 
The mortality in the acute stage in other 
reports in the literature varies from 25 to 
45 per cent.®"” 

Table i is an analysis of the group of 184 
patients whose first acute attacks of coro- 
nary artery disease wei'e studied with 
special reference to sex, age and immediate 
mortality. The mean age at the time of the 
attack was sixty years, for the males fifty- 
eight years and for the females sixty-four 
years. The immediate mortality rale was 
slightly higher in females than in males. 
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The relatively larger number of females 
over fifty years of age was probably a con- 
tributing factor. In those persons fifty years 
or older there were more deaths ' within 
thirty days of the acute cardiac episode 
than among those under fifty. There were 

Table i 

FIRST attack: age and sex incidence, immediate 

MORTALITY 

(deaths in THIRTY DAYS) 



Total 

Male 

Female 

Age 


Im- 


Im- 


Im- 

in 

No. 

mediate 

No. 

mediate 

No. 

mediate 

Years 

of 

Mor- 

of 

Mor- 

of 

Mor- 


Pa- 

tality 

Pa- 

tality 

Pa- 

tality 


tients 

(per 

tients 

(per 

tients 

(per 



cent) 


cent) 


cent) 

20-29 

2 

100 

2 

100 



30-39 

10 

20 

9 

11 

1 

100 

40-49 

31 

19 

23 

17 

8 

25 

50-59 

44 

34 

37 

38 

7 

14 

60-69 

55 

38 

31 

32 

24 

46 

70-79 

32 

47 

22 

41 

10 

60 

80 -t- 

10 

60 

5 

60 

5 

60 

Total 

184 

36 

129 

33 

55 

44 


eleven males with acute coronary artery 
occlusion under forty years of age and 
only one female. These data are remark- 
ably similar to those reported by other 
investigators . ^ ^ 

Although the percentage of total admis- 
sions to Vanderbilt University Hospital of 
patients with manifestations of acute myo- 
cardial infarction increased significantly 
during the period 1925 through 1946, the 
per cent of immediate mortality from this 
disease during the periods 1925 through 
1934, and 1935 through 1944, and for 
the years 1945 and 1946 did not vary 
significantly. 

Racial and Seasonal Incidence. No conclu- 
sion regarding racial incidence can be 
drawn from data presented here because 
the distribution of patients by race, 229 
white and 11 negro patients, was highly 
selective. 

Burch^- states that he has rarely en- 


countered angina pectoris in negro males 
and not at all in negro females. In this study 
five of seven negro males and two of four 
negro females gave histories of typical 
angina pectoris preceding myocardial in- 
farction. The sudden development of con- 


Table ir 

SEASONAL INCIDENCE AND IMMEDIATE MORTALITY' 
(deaths WITHIN THIRTY DAYs) 


Season ' 

Month of Attack ' 

! 

1 

No. of 
Cases 

Per 

Cent of 
all 

^ Cases 1 

No. of 
Deaths 
in 

Thirty 
Days ^ 

Percent 

Immedi- 

ate 

Mor- 

tality 

Winter ! 

December, January*, 
Februarj' 

72 


1 

32 

44 

Spring 

March, April, May 

52 


16 

31 

Summer 

Tune. Tulv. August i 

49 


21 

43 

F.->n ' 

September, October, 
November ' 

67 

28 

28 

42 

Total j 


240 

100 

' 

97 

40 


gestive heart failure or an exacerbation if 
failure is already present has been cited” 
as the chief manifestation of myocardial 
infarction in the negro race. Four of eleven 
negroes in this group had no congestive 
failure at any time and three of them had 
no pain with their attacks. All but two had 
hypertension. Three of the eleven died 
within thirty days of their acute attack. No 
significant difference between negro and 
white patients with regard to the clinical 
picture, course, complications, prognosis or 
immediate mortality was observed. 

More persons had attacks in the three 
coldest months of the year than in the three 
warmest months. (Table ii.) Bean^ and 
Munck^^ also found a higher incidence 
during the winter months. 

Physical Activity at Onset of Attack. Table 
III demonstrates that in the majority of 
cases (64 per cent) the acute episodes of 
coronary occlusion occurred during com- 
plete inactivity. They occurred during mild 
activity in 14 per cent and during moderate 
or vigorous activity in 22 per cent of the 
cases. These findings agree with those of 
Master and his associates. 

Symptoms. Not every patient whose myo- 
cardium is damaged by sudden interrup- 
tion of the flow of blood through a coronary 
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artery experiences symptoms. Death may 
occur suddenly and under these circum- 
stances the presence or absence of symptoms 
may not be known. Moreover, Blumgart 
and Schlesinger^® have shown that gradual 
occlusion of a coronary artery with produc- 


Table ni 

PHYSICAL ACTIVITY AT ONSET OF ATTACK 


Activity 

No. 

of 

Cases 

Per 

Cent 

Inci- 

dence 

Sleeping 

38 

24 

Rest in bed 

44 

28 

Inactivity (4 hr.) 

19 

12 

Mild activity 

22 

14 

Moderate activity 

28 

18 

Vigorous activity-sustained 

4 

3 

Vigorous activity-short time 

1 

1 




Total 

156* 

! 

100 



* Amount of activity not known in other cases. 


tion of myocardial fibrosis may occur 
asymptomatically. Nevertheless, sudden in- 
terference with the blood supply to the 
myocardium is commonly associated with 
a variety of symptoms. A list of these, with 
the exception of pain, as noted in the 240 
hospital records appears in Table iv. The 
incidence of these symptoms and the asso- 
ciated immediate mortality for each are 
indicated. The symptom of pain is of such 
importance that it will be discussed at 
length. 

In considering the prognostic significance 
of any of these symptoms it is well to remem- 
ber that the over-all immediate mortality 
for the entire series of patients studied was 
40.4 per cent. It is noteworthy that the 
existence of any one of three of the symptoms 
commonly experienced made the prognosis 
significantly worse. These were dyspnea, 
cloudy sensorium and clammy sweating. 
All three are frequently associated with 
grave dysfunction of the heart, the first with 
retrograde pulmonary congestion and the 
latter two with diminished cardiac output. 
Hiccough was described in only six patients, 
all males. All terminated fatally. 
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Pain. Table v shows the distribution of 
cases and per cent mortality according to 
location, radiation, type, severity and pres- 
ence or absence of pain. A number of 
individuals experienced pain in more than 
one location with radiation in more than 
one direction. This is reflected in the table. 
Usually pain was located in the precordial 
or substernal regions. Abdominal pain 
alone was experienced by sixteen patients, 
ten of whom died within a thirty-day period 
following the acute attack. There was no 
statistically significant relationship to the 
immediate mortality of either location or 
radiation of pain. 

Pain was most frequently described as 
constricting or crushing in character. No 
proper evaluation of the severity of a heart 
attack could be made on the basis of the 
patient’s statement regarding the intensity 
or character of the pain. An individual \vith 
mild pain was just as apt to expire during 
the acute attack as the patient with severe 
pain. 

Boyd and Werblow^" observed that pain 
subsides wheq congestive cardiac failure 
develops following acute coronary artery 
thrombosis and that pain is less likely to be 
experienced if congestive failure is already 
present at the time of onset of the symptoms 
of acute coi'onary artery occlusion. In the 
eighty-one patients in this series in whom 
congestive failure ^\’as present at the onset 
of symptoms of the attack the incidence and 
severity of pain was as follows: no pain, 
eleven; mild pain, nine; moderately severe 
pain, twenty-two; severe pain, twenty- 
seven; severity unknown, t\velve. These 
figures relating to the oceurrenee of pain 
with myoeardial infarction in the presence 
of congestive heart failure differed but little 
from those for the occuiTence of pain in the 
absence of congestive failure. 

Painless Attaclcs. Considerable contro- 
vei'sy has developed in the literature con- 
cerning the frequency of painless myocardial 
infarction. In his review of the subject 
KugeP® found that tlic incidence varied in 
the different reports from 0.86 -to 75 per 
cent. One important reason for this dis- 
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agreement may be the lack of uniform use 
of the word pain by the patient and the 
historian. To clarify this point 229 of our 
cases with adequate records regarding pain 
were grouped as follows (Table v): (1) Pain 
was a definite complaint. There were 205 


experienced no pain or discomfort was 
dyspnea. 

It has been noted previously that the 
mortality following silent coronary artery 
occlusion is high.^ In our series the per- 
centage mortality for patients with no pain 


Table iv 


SYMPTOMATOLOGY OF THE ATTACK: 
INCIDENCE AND PROGNOSTIC IMPORT 


Symptom 

Cases with 
Symptom 
Present 

Cases with 
Symptom 
Absent 

fnci- 

dence 

(per 

cent) 

Im- 

medi- 

ate 

Mor- 

tality 

(per 

cent) 

Inci- 

dence 

(per 

cent) 

1 

Im- 

medi- 

ate 

Mor- 

tality 

(per 

cent) 

Dyspnea* 

71 

47 

29 

20 

Restlessness 

40 

45 

60 

35 

Weakness 

38 

44 

62 

36 


35 

38 

65 

40 

Vomiting 

33 

39 

67 

40 

Sweating, clammy * 

28 

67 

72 

29 

Gough 

28 

45 

72 

32 

Cloudy sensorium * 

28 

65 

72 

29 

Sweating, profuse 

26 

30 

74 

43 

Vertigo 

8 

32 

92 

40 

Prilpitation 

7 

32 

93 

40 

Fatigue. 

7 

38 

93 

40 

Stokes-Adams syndrome . 

5 

33 

95 

40 

Hiccough* 

2 

100 

98 

37 


* Significant. 


patients in this group. Seventy-four (36 per 
cent) died within thirty days. (2) The word 
pain was not used in the history; neverthe- 
less, a sense of either thoracic oppression, 
constriction or discomfort was recorded. 
There were four patients in this group; all 
survived the thirty-day period following the 
attack. (3) No pain or discomfort was 
present. These were genuine examples of 
“silent” coronary occlusion. There were 
twenty patients (somewhat less than 1 0 per 
cent of the total number) in this group; 
thirteen (65 per cent) of these patients died 
within thirty days. A presenting symptom 
in thirteen of the twenty individuals who 


Table v 

DISTRIBUTION OF CASES AND PER CENT IMMEDIATE 
MORTALITY ACCORDING TO LOCATION, RADIATIO.N, 
TYPE, SEVERITY AND PRESENCE OR ABSENCE 
OF PAIN 


Location, Radiation, Type and Severity 
of Pain 


Inci- 

dence 

(per 

cent) 


Mor- 

tality 

(per 

cent) 


Location: substemal or precordial . . . . 

epigastric 

abdominal 

interscapular 

arms only 

other 

Radiation: left arm 

both arms 

shoulders 

neck and jaws 

back 

abdomen 

right arm 

other 

non-radiating 

Type: constricting or crushing 

sharp or knife like 

dull 

aching 

choking 

burning 

boring 

other 

Severity: severe 

moderately severe 

mild 

Total with pain 

Pain denied, chest discomfort present. 
No pain, no discomfort, “silent” . . . . 


33 

37 
43 
33 
67 
20 

31 

32 
24 
18 
58 
29 

33 

47 

23 

46 

33 

29 

15 

27 

33 

38 
27 
38 


90 36 

2 

8 65 


79 

20 

6 

4 

1 

2 

26 

23 

22 

8 

6 

4 

2 

3 

32 

60 

30 

23 

18 

8 

7 

2 

4 
45 
34 
11 


Total without pain 


10 


54 


or discomfort was 65. per cent whereas for 
those who experienced pain it was 36 per 
cent. 

Past History. In a study of coronary 
artery occlusion the past history would 
seem to be of particular importance insofar 
as it is related to the status of the patients 
cardiovascular system or to any diseases or 
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abnormalities which render the patient 
more susceptible to arterial occlusion and 
more likely to die as a result of damage to 
the myocardium should sudden occlusion 
of a coronary artery occur. 

It is noteworthy that the analysis of our 
records of 240 patients with myocardial 

Table vi 

HISTORY RELATIVE TO STATUS OF PATIENTS’ 
CARDIOVASCULAR SYSTEM AND ASSOCIATED 
DISEASES 


i 

History 

Cases in 
which Present 

Cases in 
which Absent 

Inci- 

dence 

(per 

cent) 

Im- 

medi- 

ate 

Mor- 

tality 

(per 

cent) 

Inci- 

dence 

(per 

cent) 

Im- 

medi- 

ate 

Mor- 

tality 

(per 

cent) 

Previous heart complaints 

! 

i 



(excluding dyspnea) . . . 

72 

42 

28 

38 

Hypertension 

54 

37 

46 

41 

Angina pectoris 

54 

40 

46 

41 

Congestive failure * 

40 

55 

60 

30 

Gallbladder disease 





(clinical and autopsy 





findings) 

13 

52 

87 

38 

Diabetes mellitust 

13 

57 

87 

38 


* Significant, 
t Probably significant. 


infarction revealed that sixty-six patients 
(28 per cent) gave no history of symptoms 
specifically referable to the cardiovascular 
system prior to the acute attack. The 
immediate mortality among these patients 
was essentially the same as for the group 
as a whole. (Table vi.) 

1. Congestive Heart Failure: A past history 
of congestive heart failure was obtained in 
over one-third of the patients in this series 
(Table vi) and the vast majority of patients 
with such a history presented signs of con- 
gestive heart failure at the onset of the 
acute episode of coronary artery occlusion. 
The immediate mortality in this group of 
patients was 55 per cent in contrast to 30 
per cent for the group in which there was 
no history of cardiac failure preceding tlie 
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acute attack of coronary occlusion. This 
corresponds closely with the observations 
of others. 

2. Angina Pectoris: There was a past 
history of angina pectoris in approximately 
one-half of the patients in this series. (Table 
VI.) However, the immediate mortality for 
patients with previous angina pectoris was 
essentially the same as for those who had 
not had this symptom. Fisher and Zucker- 
man^^ reported a less favorable prognosis 
for patients giving a history of angina 
pectoris whereas Levine and Rosenbaum"’ 
believed that angina pectoris in the past 
improved the outlook of the individual with 
an acute myocardial infarction. Discussing 
coronary artery disease in patients under 
forty years of age, Glendy and associates'^ 
reported that a past history of angina 
pectoris improved the prognosis of occlu- 
sion. In our series eight patients under forty 
years of age had had angina pectoris. Four 
died within thirty days of the acute episode. 
The over-all immediate mortality in this 
age group was 36 per cent. 

3. Hypertension: All patients with a history 
of systolic blood pressure greater than 150 
mm. Hg or diastolic pressure greater than 
100 mm. Hg were considered to have hyper- 
tension. According to this classification a 
little over one-half (54 per cent) of the 
patients in the series had hypertension. 
(Table vi.) The incidence of hypertension 
was significantly higher among the females 
(69 per cent) than among the males (48 per 
cent). The immediate mortality following 
coronary occlusion among all hypertensive 
patients was essentially the same as among 
those whose blood pressure had been nor- 
mal. The incidence of hypertension in 
studies of acute coronary occlusion or 
myocardial infarction, as reported in the lit- 
erature, varies from 41 to 70 per ccnt."’’®’-’^-"’ 
The opinion that the previous existence of 
hypertension has no prognostic significance 
in this condition has been expressed. 

Levine and Rosenbaum,"’ in their study of 
208 cases of myocardial infarction, found 
the immediate mortality higher among 
patients with h>’per tension. 



302 Acute Myocardial Infarction — Billings et al. 


4. Hypertension and Angina Pectoris: Seventy- 
two patients with a history of hypertension 
also experienced attacks of angina pectoris 
prior to the acute episode of coronary 
artery occlusion. It is apparent (Table vii) 
that neither the presence nor absence of a 


Table vu 

RELATION BETW'EEN IMMEDIATE MORTALITY AND A HISTOR1 
OF HYPERTENSION AND ANGINA PECTORIS 



Inci- 

dence 

(per 

cent) 

Im- 

medi- 

ate 

Mor- 

tality 

(per 

cent) 

Neither previous angina pectoris nor hy- 
pertension . 

22 

45 

Previous angina pectoris without hyper- 
tension . 

22 

41 

Hypertension ivithout previous angina 
pectoris 

24 

35 

Both previous angina pectoiis and hypei- 
tension 

33 

38 


history of angina pectoris and hypertension, 
alone or combined, affected the immediate 
mortality in our group of patients. Levine 
and Rosenbaum'* found that a history of 
angina pectoris without hypertension was 
associated with a more favorable outlook 
than a history of hypertension in the 
absence of previous angina pectoris. 

Of the women in our series 14 per cent 
had had neither previous angina pectoris 
nor hypertension. Eppinger and Levine®' 
observed that myocardial infarction oc- 
curred very rarely in women in the absence 
of a history of either angina pectoris or 
hypertension (two of a total of fifty-nine 
women) . 

5 . Associated Diseases: Diabetes melli tiis — 
Thirty (13 per cent) of the patients in our 
series had diabetes mellitus. (Table vi.) The 
incidence was higher in females, thirteen of 
sixty-three (21 per cent), than in males, 
17 of 174 (10 per cent). Similar observations 
have been recorded by others.®’®-®'*" About 
one-half (17) of the patients with diabetes 
mellitus died within thirty days of the acute 


heart attack. The presence or absence of 
previous hypertension was known in all the 
females with diabetes mellitus and in sixteen 
of the seventeen males. It is of interest that 
while only nine of the sixteen males in this 
group had hypertension, twelve of the 
thirteen female diabetics had elevated 
blood pressure. 

(2) Disease oj the Gallhladdei — Breyfogle®* 
and Walsh and his associates®® found a 
higher incidence of disease of the gall- 
bladder in patients with coronary artery 
disease than in those with normal or only 
minimally sclerosed coronary arteries. Per- 
tinent information was available in 228 of 
the clinical records analyzed by us. (Table 
VI.) Twenty-nine records (13 percent) con- 
tained either clinical or postmortem evi- 
dence of gallbladder disease. To determine 
the incidence of gallbladder disease in a 
general group of patients examined at 
autopsy 231 protocols were reviewed. These 
were selected so as to correspond with rela- 
tion to age, race and sex to the records 
which are the subject of this study. Protocols 
describing advanced coronary artery disease 
were excluded. Gallbladder disease was 
considered to have existed if either stones or 
cholecystitis were recorded, or if chole- 
cystectomy had been performed during life. 
The incidence of gallbladder disease in this 
control group was 22 per cent. The inci- 
dence of gallbladder disease in our two 
series does not confirm the findings of other 
authors.®®’®® 

(3) Other Diseases — Utilizing the afore- 
mentioned method of comparison we could 
establish no correlation between the occur- 
rence of peptic ulcer and coronary artei'y 
disease. However, it is of interest and 
probably significant that eleven (17 per 
cent) of the sixty-five patients with coronary 
disease examined at autopsy had gastro- 
intestinal diverticula \vhile they were found 
in only twelve (5 per cent) of the 231 con- 
trol patients. 

Family History. The family history re- 
lating to heart disease was recorded in 192 
cases. In 45 per cent of these a family history 
of heart disease was present. Other studies®'*’ 
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reveal a similar incidence of heart disease the hospital at the time, of the coronary 

in the families of cardiac patients. The occlusion was high (74 per cent) ^.probably 

presence or absence of a family history of because the patients comprising. this: group 
heart disease bore no significant relation- were already sick and less able to .sur\dve 
ship to the immediate mortality in our the additional cardiac insult, 
series. The patients \vho were admitted to the 


w 
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Fig. 2. Mortality in relation to time elapsing between 
attack and hospitalization. 

Habits^ Occupation and Habitat. We found 
it impossible to determine satisfactorily any 
effect of tobacco, alcohol, coffee or inade- 
quate or irregular meals on prognosis. In 
general no very convincing relationship 
between occupation and immediate mor- 
tality could be recognized. However, there 
was higher immediate mortality (54 per 
cent) among patients living in rural areas 
than among those living in cities (35 per 
cent) and among farmers (58 per cent) than 
among professional men and tradesmen (30 
per cent). These differences are statistically 
significant. They are best explained perhaps 
by the fact that the percentage of the urban 
group brought to the hospital within 
twenty-four hours of the onset of the attack 
was twice that of the rural patients. 

Prognostic Significance of Time Elapsing Be- 
tween Attack and Hospitalization. From our 
study early hospitalization following an 
episode of coronary occlusion seems an 
important faetor favoring survival. This is 
demonstrated in Figure 2. Forty-two of the 
patients whose case recoi'ds were analyzed 
were already in the hospital when the myo- 
cardial infarction occurred. Twenty-three 
of them were in the hospital for reasons 
other than heart disease, .eight having 
recently undergone surgical operations. The 
remaining nineteen were receiving hospital 
care for some type of heart disease. The 
immediate mortality among the gi'oup in 
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temperature 

Fig. 3. Temperature with attack and mortality. 


hospital within twenty-four hours of the 
onset of the attack seemed to have a better 
chance for survival than did those who were 
admitted between twenty-five and ninety- 
six hours. This difference is probably 
significant. Among those admitted ninety- 
six hours after the attack the immediate 
mortality was significantly lower, possibly 
because the most seriously ill patients had 
already died or because the attack in those 
who survived to be hospitalized after this 
length of time was not so severe. 

Temperature. The degree of temperature 
elevation during the attack proved to be a 
helpful prognostic guide. In those cases in 
which the temperature during the first 
week was known it was found that the 
likelihood of an early death increased 
directly with the degree of temperature 
elevation. (Fig. 3.) This is in accordance 
with other reports.‘’’“’^°’®^ 

There were six patients whose tempera- 
ture remained subnormal during the entire 
period of observation. None sur^fived the 
immediate attack. Four were moribund or 
in shock when first seen and died within 
forty-eight hours. The other two died 
suddenly on the sixteenth and t\s-enty-first 
days. 
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Pulse. Most observers are agreed that a 
rapid pulse rate associated with acute 
myocardial infarction indicates a poor 
prognosis. The prognostic value of a 
slow pulse with the attack has not been 
emphasized. 



Fig. 4. Pulse rate with attack and mortality. 


A pulse rate of more than 90 beats per 
minute was recorded in over one-half of the 
patients whose rates shortly after the acute 
attack were known. In about one-third of 
the cases the rate was more than 110 beats 
per minute. The immediate mortality 
among those whose pulse rate exceeded 110 
beats per minute was significantly high. 
(Fig. 4.) A pulse rate between 60 to 90 
beats per minute was associated with low 
immediate mortality. Bradycardia of less 
than 60 beats per minute was observed 
during the first week after the attack in 
twenty-one patients, over half of whom died 
within thirty days. Patients with complete 
auriculoventricular block are not included 
in this group. It seems that a pulse rate 
slower than 60 beats per minute or faster 
than 110 beats per minute during the first 
few days following the attack is ominous. 
The three patients with complete auriculo- 
ventricular heart block survived the acute 
episode. Two died ^vithin the year of heart 
disease other than acute infarction. The 


other is leading an active life seven years 
later. 

Blood Pressure. A fall in blood pressure is 
considered to be one of the cardinal features 
of myocardial infarction. This occurred in 
approximately one-half of the patients in 

Table vm 

BLOOD PRESSURE \VrrHIN TWENTY-FOUR HOURS OF THE 
ATTACK DIFFERENCE IN PROGNOSTIC IMPORT BETWEEN 
HYPERTENSIVE AND NORMOTENSIVE PATIENTS 


Blood Pressure 
Behavior 

Patients with 
Hypertension 

Patients with 
Normal Blood 
Pressure 

Inci- 

(per 

cent) 

Imme- 

diate 

Mor- 

tality 

(per 

cent) 

Inci- 

(per 

cent) 

Imme- 

diate 

Mor- 

tality 

(per 

cent) 

No change 

38 

31 

47 

25 

Any fall . . . 

54 

40 

43 

62* 

Less than 50 mm 

15 

25 

36 

64* 

50 mm. or more 

39 

46 

7 

50 

Rise. . . 

8 

12 

10 

11 

Total 

100 

35 

100 

40 


* Probably significant 


our group. In the series as a whole a fall in 
blood pressure at the onset of the attack was 
associated with significandy high mortality. 
However, when hypertension existed prior 
to the attack the fall in blood pressure 
appeared to alter the prognosis but little, if 
at all, whereas any fall in pressure was of 
grave portent in the previously normo- 
tensive group. (Table viii.) 

In seventeen patients a rise in blood pres- 
sure with the acute attack was obsers^ed; 
fifteen survived. Levine and Rosenbaum^ 
reported an immediate rise in blood pres- 
sure in ten patients, all of whom survived. 
However, Chambers^® reported only one 
sur\'’ivor in a group of five similar patients. 
The elevation of blood pressure which occurs 
occasionally in myocardial infarction has 
been attributed to the severity of the 
pain.'*’®’-® Analysis of the records of the 
seventeen patients whose blood pressure 
rose revealed that eight experienced severe, 
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six moderately severe and one mild pain. 
One patient experienced no pain during the 
attack. In one case the record was unsatis- 
factory for analysis. 

Pulse Pressure. A low pulse pressure has 
been reported by others'*’^® to be an un- 


TaBLE IX 

RELATIVE IMMEDIATE MORTALITY OF OBESE, NORMAL 
AND LTNDERWEIGHT PATIENTS 


Weight 

Incidence 
(per cent) 

Immediate 
Mortality 
(per cent) 

Obese I 

1 

33 

32 

Normal | 

51 

39 

Underweight 

16 

60* 



* Probably significant 


favorable prognostic sign. In this series 
there were thirty-five patients whose pulse 
pressure fell below 25 mm. Hg at some time 
following their attack and the mortality 
rate was 77 per cent. The mortality rate 
for those whose pulse pressure was main- 
tained above this level was 33 per cent. 

Weight. The impression has long existed 
that obese individuals are prone to develop 
cardiovascular disease. One-third of the 
240 patients were described as obese while 
one-sixth were underweight. The immedi- 
ate mortality of the obese patients was 32 per 
cent and for the patients of average weight 
39 per cent; it was probably significantly 
higher (60 per cent) for underweight pa- 
tients. (Table ix.) Seventy-one per cent of 
the patients who were overweight had 
hypertension. 

Signs Observed Immediately Following Coro- 
nary Artery Occlusion. When associated with 
myocardial infarction the phenomena listed 
in Table x are usually expressions of the 
resultant cardiac dysfunction. Our study 
reveals that the presence of some of them 
was of grave prognostic significance. 

Heart Sounds. Pericardial friction rub, 
gallop rhythm, “weak” or “poor quality” 
of heart sounds and arrhythmias are the 
auscultatory abnormalities commonly as- 
sociated with myocardial infarction. The 


incidence and attendant mortality of these 
and certain other abnormalities are shown 
in Table xi. 

The figures for the incidence of the 
phenomena listed are within the range 

Table x 

SIGNS observed WITH ACUTE ATTACK OF CORONARY 
ARTERY OCCLUSION WITH INCIDENCE AND ASSOCIATED 
IMMEDIATE MORTALITY 


Signs with Acute Episode 

Incidence 
(per cent) 

Mortality 
(per cent) 

Rales* 

58 

52 

Hepatomegaly * 

42 

50 

Cyanosis * 

39 

61 

Ankle edema f 

29 

53 

Venous distention 

' 21 

' 41 

Cheyne-Stokes respiration * . . . . 

16 

74 

Shock* 

14 

79 

Generalized edema * 

11 

74 

Ascites f 

9 

64 

Jaundice 

2 

40 


* Significant 
t Probably significant 


Table xi 

MANIFESTATIONS OF CARDIAC ABNORMALITIES: INCIDENCE 
AND ASSOCIATED IMMEDIATE MORTALITY 


Manifestations of Cardiac Abnormality 

Inci- 

dence 

(per 

cent) 

Mor- 

tality 

(per 

cent) 


44 

50 

F.vtra«?y.s;fn1f*j; 

28 

47 


27 

55 

rjflilnp rhvthm 

26 

39 


14 

39 

AiiHr.iilar fibrillation * 

11 

1 65 

Pnknc bi^pminns 

4 

70 


3 

57 


0 

20 


2 

60 


9 

40 


I 

33 

"niactnlir miirmiiTj ha'jp . 

1 


2 



2 

50 





* Significant 


established by previous studies."*’^’ Some 
authors^’®’®” have stated that gallop rhythm 
implies poor prognosis. Pericardial friction 
rub,^ auricular fibrillation and pulsus altcr- 
nans^® have also been considered grave 
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signs. In this series neither gallop rhythm 
nor friction rub appear to have prognostic 
significance. Levine and Rosenbaum^ found 
gallop rhythm was of grave import when 
the infarct was posterior but of no signifi- 
cance in anterior wall infarctions. In the 


t/> 



SHARP INCREASE IK 
MORTALITY OCCURS 
WITH LEUCOCYTES IN 
EXCESS or 15,000 


LEUCOCYTE COUNT IN THOUSANDS 


Fig. 5. Leukocytosis and immediate mortality. 


study herein reported there was no correla- 
tion between gallop rhj'thm, location of the 
infarct and mortality. Forty-three of the 
sixty-one patients in whom gallop rhythm 
occurred had congestive heart failure. The 
frequent association of these conditions is 
well known.®® The immediate mortality 
associated with auricular fibrillation, poor 
quality of the heart sounds and marked 
cardiac enlargement was significantly high. 

Laboratory Data. Laboratory data were 
for the most part not helpful in indicating 
prognosis. The chief prognostic aid ap- 
peared to be the leukocyte count. There was 
direct relationship between the degree of 
leukocytosis accompanying the attack and 
the patient’s chance of survival. Marked 
leukocytosis indicated a poor immediate 
outlook. (Fig. 5.) This has been consistently 
observed by others.^'®’®® Twelve patients 
had white blood cell counts of more than 
25,000 per cu. mm. Nine died within thirty 
days. Chambers® reported ten similar cases 
in which none of the patients survived. 

The degree of acceleration of the erythro- 
cyte sedimentation rate was of no prognostic 
importance. Venous pressure, vital capacity 
and blood circulation time were not de- 
termined in a sufficient number of patients 


to make statistical analysis significant. 
Cholesterol blood levels were determined 
in sixty-five of the patients. Thirty-five 
patients had levels between 1 50 and 250 mg. 
per cent. Twenty-five survived the acute 
episode. A cholesterol level of more than 
250 mg. per cent was present in twenty-bvo 
patients. Twenty survived. Eight patients 
had levels below 150 mg. per cent. Four of 
them survived. The immediate mortality 
for the patients with either high or low 
cholesterol levels did not differ significantly 
from the immediate mortality of the pa- 
tients with levels in the normal range. 
Anemia did not seem to be an important 
factor in the etiology of myocardial infarc- 
tion. There were only six patients \vith 
hemoglobin values of less than 10 Gm. per 
cent. 

Location of Myocardial Infarct. The loca- 
tion of the inferct was determined with 
accuracy in 139 cases, either by autopsy 
examination or by electrocardiographic 
tracings. There were eighty-two infarcts of 
the anterior \vall of the heart and fifty-seven 
infarcts of the posterior wall. There was no 
significant difference in the immediate mor- 
tality in these two groups. In this series the 
location of the infarct had no relationship 
to the frequency of various signs and symp- 
toms accompanying the attacks, to the 
factors in the past history or to the subse- 
quent course. This is of interest in view of 
the findings of Levine and Rosenbaum'* \vho 
developed several such relationships. The 
incidence and mortality figures for our 
anterior and posterior infarct groups are 
similar to others in the literature.**’*'*'*®’'®’*' 

Digitalis and Qiiinidine. One hundred 
fourteen patients with my^ocardial infarction 
received digitalis. It was usually given be- 
cause of the presence of congestive failure 
or of cardiac arrhythmias. Forty-nine per 
cent of these patients died within thirty 
days of the acute attack. This figure is 
significantly higher than the figure for 
patients not receiving digitalis. However, 
the presence of either congestive failure or 
auricular fibrillation made the prognosis 
poor and it seems improbable that digitalis 
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made it worse. We have insufficient data on 
the effect of digitalis in the absence of con- 
gestive failure or arrhythmias to draw con- 
clusions. Others have found it harmful. 

Twenty-four patients in this series re- 
ceived quinidine at the time of the acute 
attack because of cardiac arrhythmias. 
Sixteen (67 per cent) expired within thirty 
days. Seventy-three patients with cardiac 
arrhythmias were not treated with quini- 
dine. The immediate mortality among pa- 
tients in these two groups is not significantly 
different. Quinidine was used in the hope 
of preventing cardiac arrhythmias in tvventy- 
one patients. Eight of these patients died 
within thirty days following the acute attack. 
Thus quinidine, regardless of the reason for 
its use in this series, did not appear to 
affect the prognosis either favorably or 
unfavorably. 

PROGNOSIS AFTER SURVIVING THE ACUTE 
ATTACK 

One hundred forty-three of the two 
hundred forty patients whose records were 
analyzed in this study survived the acute 
attack. In 120 cases it was possible to ascer- 
tain roughly the amount of physical activity 
enjoyed by the survivors. Seventy patients 
were able to return to usual or somewhat 
reduced physical activity within a few 
months following the acute episode. In 
fifty, chronic invalidism ensued with partial 
or complete confinement to bed. The sur- 
vival rates for the group as a whole and for 
the two subgroups are compared with the 
rate for a Tennessee population of the same 
age, race and sex distribution. Figure 6 is a 
graphic demonstration of the survival 
curves of the four groups of people as de- 
termined by the actuarial method. The 
graph is plotted with a logarithmic vertical 
scale so that the slope of a line depends on 
the mortality rate. 

Among the 143 patients who survived the 
acute attack the mortality rate was higher 
during a three-year period following the 
acute episode than for the Tennessee popu- 
lation. Thereafter the mortalities followed 
about the same pattern. The mortality rate 
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for patients able to resume activity was 
higher than that of the normal population 
for the first two years only. The mortality 
rate for patients completely or partially 
confined to bed remained significantly high 
at all times. 



Fig. 6. Myocardial infarction — survival rates; 
survival curves plotted on a logarithmic scale. 
The slope of a line segment is a measure of the 
mortality rate during the period in question. 
Parallel slopes indicate similar mortality rates. 
Computed from mortality rates published by 
U. S. Bureau of the Census. 

The ability of patients to return to full 
or moderate activity following acute heart 
attacks depends to a large extent on the 
preserv^ation of adequate cardiac reserve. 
In addition the patient’s general physical 
condition exclusive of the cardiovascular 
system must be such as to allow him to be 
active. We studied the records of the 120 pa- 
tients whose degree of activity subsequent 
to the heart attack was known to determine 
if possible what factor could be shown to be 
related to a failure to return to work once 
the acute coronary episode had been sur- 
vived. Table xii enumerates the conditions 
which, when present before, during, or after 
the acute attack, were associated with 
significant reduction in the patient's chances 
of resuming activity. It is noteworthy that 
a history of angina pectoris before the acute 
attack or its presence afterward was not 
unfavorable. 

COMMENTS 

It is obviously important at the lime of 
an acute coronary episode to be able to 
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determine if possible (1) whether the patient 
has a good chance of surviving the acute 
attack and (2) whether having survived the 
acute episode the condition of the patient’s 
heart will allow for a resumption of some 
type of activity. The study herein reported 


Table xn 

FACTORS SIGNIFICANTLY UNFAVORABLE TO RETURN 
TO WORK 



Per Cent Able 
to Return 
to Work 

Factor 

with 

factor 

pres- 

ent 

(per 

cent) 

with 

factor 

ab- 

sent 

(per 

cent) 

Concomitant diseases 



History of rheumatic fever . 

17 

60 

History of peptic ulcer 

17 

60 

Marked arteriosclerosis 

44 

76 

Diabetes mellitus . . 

38 

60 

Congestive heart failure 

Whether occurring before, during or 
after acute episode, particularly as 
manifested by: 

1 

j 

j 

i 

Dyspnea . 

42 

82 

Cheyne-Stokes respiration 


61 

Cyanosis. . 

38 

66 

Ankle edema 

22 

70 

Ascites. . . 

14 

56 

Hepatomegaly 

26 

76 

Rales 

33 

78 

Venous distension 

38 

64 

Markedly enlarged heart 

28 

66 

Urinary casts 

31 

67 

Circulatory collapse 



Auricular fibrillation 

31 

62 

Extrasystoles . . 

43 

67 

Gallop rhythm 

38 

66 

Miscellaneous 



Systolic murmurs, apex. 

35 

73 

Systolic murmurs, base 

29 

65 

Hospitalization for other purposes 


62 


was undertaken with the hope of shedding 
additional light on these questions. We were 
encouraged in this hope by the fact that 
there ^vere available records of 240 patients 
all of whom were carefully studied while 
under observation in a hospital. The 
material seemed especially valuable for the 
purposes of the study because information 


regarding the subsequent course of events 
following discharge from the hospital was 
available in all the patients (143) who sur- 
vived the acute attack. 

SUJIArARY AND CONCLUSIONS 

The hospital records of 240 patients with 
myocardial infarction secondary to either 
occlusion of a coronary arter)' or to coronary' 
artery insufficiency were analyzed. 

1. Ninety-seven patients (40.4 per cent) 
died within thirty days following onset of 
the acute episode. 

2. Certain data obtained from the clinical 
history, physical findings and laboratory 
investigations were found to be consistently 
useful in predicting the train of events follow- 
ing development of myocardial infarction: 

3. The immediate mortality (thirty days) 
was high in the presence of any one or more 
of the following circumstances: (1) A 
history of congestive heart failure prior to 
development of the infarct; (2) signs or 
symptoms of congestive failure or circula- 
tory collapse at the time of the acute attack; 

(3) absence of pain at the time of the attack; 

(4) a delay in hospitalization of from more 
than twenty-four hours to ninety-six hours, 
inclusively, after the onset of the attack; 

(5) development of myocardial infarction 
in a patient already in the hospital; (6) a 
pulse rate faster than 110 or slower than 
60 beats per minute with the attack; (7) a 
temperature elevation greater than 101 f. 
or subnormal during the acute attack; 
(8) cardiac enlargement at the time of the 
acute attack; (9) presence of auricular 
fibrillation at the time of the acute attack; 
(10) leukocytosis in excess of 15,000 with 
the attack. 

4. Follow-up information w'as obtained 
concerning the 143 patients who sur%dved 
the acute attack including data regarding 
the amount of physical activity engaged in 
by 120 of these survivors. (1) The following 
factors were found to influence adversely 
the likelihood of returning to an active life 
after surviving an attack of myocardial 
infarction: occurrence of congestive heart 
failure either before, during or after the 
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acute episode; occurrence of circulatory 
collapse at the time of the acute attack; 
occurrence of either transient or persistent 
auricular fibrillation, gallop rhythm or 
extrasystoles at the time of the acute attack; 
presence of systolic murmurs at the time of 
the acute attack; hospitalization for other 
purposes at the time of the acute attack; 
a history of either rheumatic fever or peptic 
ulcer prior to the acute attack and the 
presence of either advanced arteriosclerosis 
or diabetes mellitus. (2) The survival rate 
of those patients who were able to return 
to some type of useful activity was signifi- 
cantly higher than among those completely 
or partially confined to bed. This was to be 
expected when bed rest was mandatory 
because of diminished cardiac reserve; 
however, the observation suggests that after 
a reasonable convalescence, severe restric- 
tion of physical activity beyond the require- 
ments imposed by limited cardiac reserve 
affords little or no protection to the patient 
who has survived the acute attack. 
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D uring the few years in which 
streptomycin has been in clinical 
usage it has become established as 
a potent antimicrobial agent of value in the 
treatment of a large number of infections. 
Within a relatively short time subsequent 
to its introduction a large body of informa- 
tion was accumulated in the various clinical 
studies which fairly well delineated the 
usefulness of this drug. In the same and 
correlated studies the important disadvan- 
tages attendant upon the use of streptomycin 
were defined. The advances in our knowl- 
edge which have been made since these 
early studies have not only added extensive 
confirmation of the earlier findings but have 
also provided a considerable amount of 
additional information of value to the 
clinican. The recent advances have been 
made along three general lines; (1) the 
pharmacodynamics of streptomycin in man; 
(2) studies of a derivative, dihydrostrepto- 
mycin, which appears to have certain 
advantages over the parent compound and 
(3) further definition of the therapeutic uses 
of the drug, notably in chronic infections, 
with surgical procedures or with another 
antimicrobial agent. 

The uses of streptomycin have also been 
modified to some extent by the introduction 
of new drugs, chiefly aureomycin and 
chloramphenicol. It is apparent that these 
drugs will to some extent replace strepto- 
mycin, in that they are active in a number 
of infections for which streptomycin has 
previously been the drug of choice. More- 
over, they are distinctly preferable from the 
standpoints of toxicity and the emergence 
of resistant bacteria during therapy. In some 
instances it is not yet possible to assess the 

* From the Department of Medicine of the New ^ ork H 


relative potency of the newer drugs in 
comparison with streptomycin and opinions 
at present may require modification in the 
light of further experience. 

It is the purpose of this review to sum- 
marize briefly some of the recent advances 
in the therapeutic use of streptomycin along 
the lines mentioned above, and to indicate 
wherever possible the infections for which 
the newer drugs appear to be preferable. 

PHARMACODYNAMICS 

The development of chemical methods 
of the measurement of streptomycin in body 
fluids^’ ^ has led to re-evaluation of some of 
the pharmacodynamics of the drug in 
humans. The findings have been in general 
agreement with the investigations previously 
reported in which biologic assay methods 
were utilized.®’^ The data obtained by the 
use of the chemical methods, however, not 
only provide an interesting comparison of 
methods but also are of sufficient accuracy 
to permit more detailed analysis than has 
heretofore been possible. Moreover, they 
serve to emphasize certain important aspects 
of the pharmacology of streptomycin which 
have been recognized previously but which 
have not appeared to receive adequate con- 
sideration in the clinical use of this drug. It 
seems of interest, therefore, to summarize 
the main features of the absorption, dis- 
tribution and excretion of streptomycin as 
found in these recent studies.^ 

Following a single intramuscular injection 
of streptomycin in man, the drug is rapidly 
absorbed and the plasma concentrations 
reach a peak within an hour. Absorption is 
sufficiently rapid so that at one hour the 
plasma concentration may be expected to 

lital-Corncll University Medical College, New York, N.Y. 


SEPTEMBER, 1949 


371 



372 Advances in Streptomycin Therapy — Tompsett, McDermott 


be approximately the same whether the 
dose has been given intramuscularly or 
intravenously. The drug is distributed in a 
percentage of the body weight which 
approximates that of the extracellular 
water. With usual doses the values obtained 
in the blood of humans after a single intra- 
muscular injection of streptomycin are 
directly related to the dose per unit body 
weight. In 4.0 to 20 mg. per Kg. doses the 
rate of fall in serum concentration is pro- 
portional to the concentration of the drug 
in the blood. It is worthy of note that 
this rate actually is not rapid; and within 
certain limits, approximately two and one- 
half to three hours are required for the 
concentration to fall from any given value 
to half that value. Excretion of streptomycin 
is for the most part by way of the kidney. 
The renal clearance of streptomycin is 
approximately the same as the glomerular 
clearance when suitable correction is made 
for the degree of binding by plasma 
proteins.® 

These observations have certain practical 
implications with regard to the mode of 
administration of streptomycin. It would 
appear that little is to be gained by frequent 
iryections of streptomycin as judged by the 
length of time any given concentration is 
maintained. Intervals of at least six or eight 
hours between doses seem permissible, and 
longer intervals will probably prove gener- 
ally satisfactory.® The recent experiences 
in the treatment of tuberculosis with single 
daily doses of streptomycin and with inter- 
vals as long as three days between doses 
lends support to this belief.^’® Moreover, as 
the individual dose is increased, there is a 
proportional increase in the height of 
the concentrations attained. A number of 
experimental observations point to the 
desirability of obtaining relatively high 
concentrations in the body. Among these 
are the fact that the rate of killing of bacteria 
in vitro steadily increases as the concentra- 
tion of the drug is increased.® Another 
factor to be considered is the recognized 
occurrence of marked variation in suscepti- 
bility of bacteria to streptomycin not only 


among the various members of one species, 
but also among tlie individual members of 
a single infecting strain. 

NEUROTOXICITY 

Although some of the foregoing must 
remain speculative, it has been obvious 
from the beginning that an important limit- 
ing factor in the widespread use of strepto- 
mycin is its neurotoxicity. The occurrence 
of vestibular dysfunction during strepto- 
mycin therapy has been a frequent and 
distressing problem. There is now ample 
evidence that these neurotoxic reactions 
occur in a progressively smaller proportion 
of cases as the daily dose is decreased. 
While the administration of 3.0 Gm. of 
streptomycin daily results in vestibular 
dysfunction in virtually all adults by the end 
of three weeks of treatment, doses of 1.0 
Gm. daily cause this reaction in only 
approximately 10 to 15 per cent of patients 
even though given over much longer 
periods. It is in this lower range of dosage 
that it seems possible to effect a significant 
reduction in the incidence of neurotoxicity 
by administration of streptomycin on the 
basis of the patient’s body weight. In one 
small series of patients receiving 1.0 Gm. 
per day^® the largest patient was actually 
receiving 1 3 mg. per Kg. per day while the 
smallest was receiving 26 mg. per Kg. per 
day. No neurotoxic manifestations were 
observed in those patients receiving less 
than 20 mg. per Kg. per day. This value 
which was noted in a small series cannot be 
broadly applied, but the observations serve 
to emphasize the fact that failure to consider 
the patient’s weight when administering 
streptomycin may subject him to unneces- 
sary hazard of loss of vestibular function as 
well as other toxic reactions. 

DIHYDROSTREPTOMYCIN 

A recent development of considerable 
interest has been the reports of clinical trials 
of dihydrostreptomycin, and in particular 
the studies of its toxicity. This compound is 
prepared by the catalytic hydrogenation of 
streptomycin with reduction of the free 
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aldehyde group to the corresponding alco- 
hol. Dihydrostreptomycin was first studied 
in the laboratory as early as 1946 
was then found to have essentially the same 
antibacterial activity in vitro and the same 
acute toxicity for mice as the parent com- 
pound. It thus appeared to offer no obvious 
advantages over streptomycin and was not 
investigated further at that time. The first 
clinical trials of dihydrostreptomycin were 
made in a small number of patients who 
developed hypersensitivity to streptomycin 
and in whom it was found possible to con- 
tinue therapy without interruption by the 
use of the dihydro derivative.^® Subse- 
quently, the drug has been prepared in 
large amounts for clinical trials which have 
been in progress since early 1947,^®’^'* There 
is as yet only limited information on the 
therapeutic effectiveness of dihydrostrepto- 
mycin in comparison with streptomycin. 
From the information available, it appears 
that dihydrostreptomycin will prove as 
effective as the parent compound in the 
same infections and with the same dosage. 
The derivative possesses no advantage over 
streptomycin in the problem of the emer- 
gence of drug-resistant bacteria during 
therapy. Micro-organisms resistant to one 
drug have been found to have a comparable 
degree of resistance to the other, and there 
appears to be no difference in the rate at 
which resistant strains appear during ther- 
apy with one or the other drug. The chief 
interest in dihydrostreptomycin then is in 
relation to its toxicity. 

In general, it may be said that dihydro- 
streptomycin is qualitatively the same as 
streptomycin except for its antigenicity, and 
quantitatively very similar except for its 
neurotoxicity. The latter difference appears 
to be sufficiently great; so that if it is con- 
firmed in more extensive studies, it should 
be a decisive factor in choosing between 
these two drugs. 

The neurotoxic reactions caused by di- 
hydrostreptomycin, both vestibular and 
auditory, appear to be very similar in 
character, if not identical, with those caused 
by the parent compound. It has been the 
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impression of many investigators that the 
peculiar type of “dizziness” which char- 
acterizes the vestibular dysfunction has not 
been as severe when produced by dihydro- 
streptomycin, but such observ'^ations are 
difficult to evaluate. Nevertheless, it has 
been found that dihydrostreptomycin is less 
toxic than streptomycin for the vestibular 
apparatus as judged by the dosage required 
to provoke the reaction both in experi- 
mental animals and man. Doses of 60 mg. 
per Kg. per day or approximately 3.0 Gm. 
daily in an adult of average size have caused 
few reactions during the first four weeks of 
administration; but when the drug is ad- 
ministered for longer periods, the incidence 
of vestibular damage is increased appi'e- 
ciably. Daily doses of 40 mg. per Kg. or 
approximately 2.0 Gm. daily in adults have 
resulted in neurotoxic manifestations only 
occasionally over periods as long as six to 
eight weeks. Comparison of these figures 
with the toxicity of streptomycin clearly 
indicates that the dihydro derivative has a 
lower toxicity for the vestibular apparatus. 

Whether an appreciable incidence of 
vestibular dysfunction will occur with doses 
of 20 mg. per Kg. per day cannot be stated 
because of the small numbers of patients 
thus far treated with this dose. From the 
results with the larger doses, however, one 
might anticipate that the occurrence of 
vestibular dysfunction would be rare. 

It has been the general experience that 
nerve-deafness from dihydrostreptomycin 
toxicity has been no more frequent than 
that observed with streptomycin and per- 
haps has been less frequent. In most clinics 
the occurrence of any significant loss of 
hearing has not been encountered even 
with the prolonged administration of 3.0 
Gm. of dihydrostreptomycin daily. In some 
of these patients, however, there has been 
a 10 to 15 per cent loss of hearing involving 
the highest tones, and detectable only by 
audiometric examination. In a recent .sur- 
vey^^ of approximately 250 collected cases 
(e.xclusive of two of the three series described 
below) in which dihydrostrcptomycin \vas 
administered for one to three months in 
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doses which ranged from 1 to 3 Gm. daily, 
there were no instances of hearing loss 
sufficient to interfere with the patient’s 
hearing normal conversational tones. 

In general, the neurotoxicity produced by 
dihydrostreptomycin also bears a quantita- 
tive relationship to dosage. In the original 
studies of the toxicity of dihydrostrepto- 
mycin, however, it was noted and empha- 
sized that both vestibular dysfunction or 
deafness might first appear at an appreciable 
interval after the cessation of the chemo- 
therapy. Such instances of the delayed 
appearance of neurotoxicity have been 
infrequent and have occurred after the use 
of unusually high doses in the presence of 
renal insufficiency. 

Nevertheless, three localized outbreaks of 
neurotoxicity have been encountered with 
the use of dihydrostreptomycin and it is 
possible that they may' reflect some more 
serious disadvantage than is now generally 
believed. The first of these incidents oc- 
curred on our own service shortly after the 
completion of initial studies of dihydro- 
streptomycin, and after more than one and 
one-half years of its use here. During the 
course of a forty-eight hour period five 
patients who were receiving dihydrostrepto- 
mycin in doses of 3.0 Gm. daily suddenly 
developed severe symptoms of vestibular 
dysfunction. It would have been unusual in 
our experience for symptoms of this severity 
to occur at all in patients receiving dihydro- 
streptomycin. It was even more unusual 
that this particular two-day period repre- 
sented the fourth and fifth days of treatment 
in one patient, the last of the fourth week 
in another and periods intermediate in 
duration in the other three. Thus it ap- 
peared that whatever the toxic substance 
might be, it was probably even more 
damaging to the vestibular apparatus than 
streptomycin itself. Every effort was made 
to determine the cause of this but thus far 
no definite cause has been ascertained. One 
factor has been suspected of playing a part, 
however, and deserv^es mention although 
its importance is unknown. It had been the 
practice to prepare the solutions of dihydro- 


streptomycin in the pharmacy and send 
them to the ward for use. Although stamped 
with an expiration date, it was possible 
because of a particularly abundant supply 
at the time as well as some overstocking on 
the ward that the particular lot of the drug 
then in use may have been in solution for 
an unduly long time. Although this pro- 
cedure was never actually incriminated, the 
practice was discontinued and no further 
difficulty of this sort has been encountered 
in a subsequent period of nine months. 
Thus although at present this remain an 
isolated episode, the possibility still exists 
that dihydrostreptomycin has the poten- 
tiality of causing an explosive type of vestib- 
ular toxicity in exceptional circumstances. 

Moreover, two groups of investigators'®'” 
working independently have recently ob- 
served the phenomenon of the delayed 
appearance of deafness following the use 
of only moderate doses of dihydrostrepto- 
mycin. It is not yet established whether the 
disturbingly higher incidence of the reaction 
localized to these two clinics is merely a 
reflection of chance distribution or whether 
it is possible that certain preparations of 
dihydrostreptomycin might be more neuro- 
toxic than others. Pending more informa- 
tion, about all that can be said is that 
dihydrostreptomycin is definitely less neuro- 
toxic than streptomycin, but that the 
dihydro derivative is by no means devoid 
of neurotoxicity and its behavior in this 
respect may be less predictable. 

Finally, dihydrostreptomycin has proved 
to be useful in small numbers of patients 
who have developed some of the mani- 
festations of hypersensitivity to streptomycin. 
A small proportion (estimated to be 3 to 
5 per cent) of patients who have received 
streptomycin for several weeks have de- 
veloped drug fever, asthma or other mani- 
festations of hypersensitivity of sufficient 
severity to warrant interruption of therapy- 
In the few instances in which it has been 
tried, it has been possible to continue 
the antimicrobial therapy of patients ex- 
periencing such reactions by the substitution 
of dihydrostreptomycin. 
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In summary, it appears that dihydro- 
streptomycin has a lesser toxicity than 
streptomycin for the vestibular apparatus; 
and if it can be established with certainty 
that the derivative is the equivalent of 
streptomycin therapeutically, the difference 
in toxicity may prove decisive in a choice 
between the two drugs. The three sharply 
localized outbreaks of neurotoxicity which 
have occurred with dihydrostreptomycin 
are disquieting, and their relationship to 
the intrinsic toxicity of dihydrostreptomycin 
itself should be established as quickly as 
possible. The other toxic reactions to di- 
hydrostreptomycin have been no greater 
than those caused by streptomycin and the 
derivative has proved valuable in prevent- 
ing the interruption of therapy in patients 
who develop manifestations of hypersensi- 
tivity to streptomycin. 

THERAPEUTIC USES OF STREPTOMYCIN 

The scope of the clinical usefulness of 
streptomycin was well delineated in the 
first two years of its use, and the various 
infections for which it has been proved of 
value are thoroughly reviewed elsewhere. 
It is worthy of mention that the first defini- 
tive report of the efficacy of streptomycin 
in plague has appeared within the past two 
years. More extensive experience in the 
treatment of Salmonella infections has 
strengthened the earlier impression that it 
has little or no value in these infeetions. 
Somewhat to the contrary has been the 
development of the present opinion in rela- 
tion to treatment of infections caused by 
Ps. pyocyaneous and B. proteus. There is a 
prevalent belief based on some of the earlier 
reports that streptomycin is of little or no 
value in these infections which arise most 
commonly in the urinary tract. Neverthe- 
less, a review of the reported cases leads to 
the conclusion that streptomycin has an 
impressive effect in a large number of tire 
cases of urinary tract infections caused by 
these two species. Moreover, in a number of 
these cases the urinary tract infection was 
accompanied by bacteremia. In Keefer and 
Hewitt’s monograph^® nineteen cases of 


Ps. aeruginosa bacteremia treated with 
streptomycin are reported. There were nine 
recoveries and ten deaths. In this same 
report are included sixteen patients with 
bacteremia caused by B. proteus who re- 
ceived treatment with streptomycin. Twelve 
of the sixteen were permanently improved 
by the therapy and there were four deaths. 
These results, while far from ideal, serve to 
emphasize the fact that streptomycin may 
actually prove highly beneficial in infections 
of this type which are so refractory to treat- 
ment with most of the other antimicrobial 
agents. 

CONCURRENT ADMINISTRATION OF STREPTO- 
MYCIN AND ANOTHER ANTIMICROBIAL DRUG 

There is at present an increasing interest 
in the use of streptomycin administered 
concurrently with another antimicrobial 
agent appropriate for the particular infec- 
tion to be treated. In theory, the effects of 
such “combined therapy” might be detect- 
able in one of two ways. First, the emergence 
to predominance of drug-resistant micro- 
organisms might be delayed, and second, 
the course of the infection might be altered 
to an extent not observed from the use of 
streptomycin alone. Either type of result 
would reflect the simultaneous activity of 
both antimicrobial drugs. 

The demonstration that “combined ther- 
apy” exerts a greater effect upon the clinical 
course of an infection than either drug alone 
can be made satisfactorily only in relatively 
“drusf-resistant” infections. The favorable 

O 

results noted by Spink and his associates"'' 
from the combined use of streptomycin and 
sulfadiazine in the treatment of brucellosis 
are an example of this type of demonstra- 
tion. It should be noted, howev'er, that 
although this procedure represents a valu- 
able advance in therapy, it has no\v been 
largely superseded by the use of aureom}-ein 
or chloramphenicol. 

A second example of the concurrent ad- 
ministration of two drugs has been the use 
of streptomycin and penicillin in the treat- 
ment of subacute bacterial endocarditis 
caused by enterococci. Within the past 
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two and a half years the writers have em- 
ployed this therapy in eight patients with 
this form of endocarditis which has pre- 
viously been unusually refractory to at- 
tempts at treatment. From the results 
obtained in this small group of cases there 
can be little question that the concurrent 
administration of penicillin and strepto- 
mycin provides highly effective therapy. 
Moreover, the results are obtained without 
the necessity for using massive doses of 
penicillin or other measures to attain very 
high concentrations of penicillin in the body. 
It cannot be stated with certainty whether 
the effects observed resulted entirely from 
the streptomycin, inasmuch as the value of 
streptomycin alone has not been thoroughly 
established. From the limited information 
available, however, it seems likely that the 
concurrent use of the two drugs is more 
efficacious than either alone. 

Another possible indication for the con- 
current administration of streptomycin and 
penicillin is in the treatment of staphylo- 
coccic infections. The diseases caused by 
these species represent virtually the only 
situation in which the emergence of peni- 
cillin-resistant bacteria might constitute a 
problem. As a consequence, it is advisable 
at present to attempt to avoid this threat 
by the simultaneous administration of two 
antimicrobial agents. 

Combined therapy has been utilized also 
in a small number of patients with tuber- 
culosis in an attempt to prevent or postpone 
the emergence of significant numbers of 
streptomycin-resistant tubercle bacilli. In 
this infection the consequences of the 
appearance of resistant organisms are mag- 
nified because of the chronic nature of the 
disease process. To effect even a relatively 
short delay in the emergence of resistance 
would therefore be highly desirable. Com- 
bined therapy in tuberculosis has been 
studied both with para-amino-salicylic acid 
and with one of the sulfones administered 
at the same time as streptomycin. From 
studies in the Veterans’ Administration it 
appears that the administration of various 
sulfones, such as promizole, in conjunction 


with streptomycin is without influence on 
the emergence of streptomycin-resistant 
tubercle bacilli. In contrast, on the basis 
of preliminary observations by D’Esopo-* 
and Karlson^'* and their respective asso- 
ciates, it appears that para-amino-salicylic 
acid administered along with streptomycin 
may significantly postpone but does not 
completely prevent the phenomenon of 
drug-resistance. 

STREPTOMYCIN IN TUBERCULOSIS 

It was apparent when streptomycin was 
first introduced into clinical practice that 
the greatest field of usefulness for the drug 
would be in the treatment of tuberculosis. 
This is particularly the case at present be- 
cause aureomycin and chloramphenicol are 
preferable drugs for the treatment of many 
of the gram-negative bacillary infections 
which were previously best treated with 
streptomycin. It has been thoroughly estab- 
lished that streptomycin exerts an impres- 
sive effect upon the course of tuberculosis 
in humans and the changes observed in the 
various forms of the disease during the first 
few months of streptomycin therapy are now 
thoroughly familiar. There is very little 
information available, however, concerning 
the late results of therapy when strepto- 
mycin has been used in quantity for a suffi- 
cient period. Accordingly, brief mention 
will be made of the late results in the New 
York Hospital-Cornell study which is now 
finishing its fourth year. 

Miliary and Meningeal Tuberculosis. Since 
January, 1946, twenty-four patients ivith 
either acute generalized hematogenous tu- 
berculosis (i.e,, miliaryj, tuberculous menin- 
gitis or both forms of the disease have been 
treated with streptomycin. Ten patients had 
hematogenous tuberculosis without the com- 
plication of meningitis. Relapse occurred in 
four of these patients. In one instance the 
micro-organisms were still sensitive to 
streptomycin and retreatment was success- 
ful. Thus seven of the ten patients with only 
miliary tuberculosis are alive and only three 
have died. One of these deaths occurred on 
the sixteenth day in a patient who had fat 
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advanced pulmonary tuberculosis. The pe- 
riod of observation following the cessation 
of therapy in this group ranged between 
fifteen and thirty-six months. The impor- 
tant feature is, however, that all seven 
patients who were well one year after the 
completion of therapy for miliary tubercu- 
losis were also well thereafter. In other 
words, no late relapses were encountered 
and it appears that recovery from miliary 
tuberculosis is. indeed possible. 

A second group of five patients had 
meningitis which was not associated with 
hematogenous tuberculosis. In two of the 
five instances meningitis apparently arose 
from a focus in the vertebral column. Of 
these five patients, two are alive and three 
are dead. The two living patients have 
survived eighteen and twenty-seven months, 
respectively, following the cessation of 
streptomycin therapy. 

Ten patients, a number equal to the 
number with hematogenous disease without 
meningeal complications, also had menin- 
gitis. Thus approximately one-half the 
patients with generalized hematogenous 
tuberculosis had meningeal involvement as 
a complication of their illness at some time 
during its course. This value is lower than 
in the Veterans’ Administration series, in 
which approximately two-thirds of the 
patients with miliary tuberculosis developed 
meningitis at some time during the course 
of the infection.^® In the present series the 
combined miliary-meningeal type of infec- 
tion was fatal to all ten patients. Although 
the numbers are small, the difference be- 
tween the outcome in this group and the 
seven of ten recoveries in the group with 
uncomplicated miliary tuberculosis is strik- 
ing indeed. It should be noted that in 
several instances of the combined disease 
the deaths were apparently not a direct 
result of the meningitis but were a conse- 
quence of the emergence of drug-resistant 
miliary infections. Nevertheless, our com- 
plete helplessness when faced with the com- 
bined infection is appai'ent. 

It is of interest in this connection that in 
the ^vriters’ experience the results attained 
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from the antimicrobial therapy of pneumo- 
coccic meningitis are vastly different when 
the meningitis arises apparently as a blood- 
borne infection in association with pneumo- 
coccic pneumonia, than when the meningitis 
arises as a direct extension from a focus in 
the sinuses or ears. 

The type of pneumococcic meningitis 
which occurs in association with pneumonia 
is roughly comparable to tuberculous menin- 
gitis complicating miliary tuberculosis, and 
the pneumococcic meningitis which arises 
from the paranasal sinus or ear is not unlike 
the tuberculous meningitis which arises 
from tuberculosis of a vertebra. The case 
fatality rate of pneumococcic meningitis 
which arises in association with pneumonia 
is extremely high, whereas the meningitis 
without pneumonia is usually controlled by 
appropriate therapy. The reason for this 
difference in prognosis is by no means clear, 
nor is there any particular reason why 
similar factors should operate with pneumo- 
coccic as with tuberculous infections. It is of 
considerable interest, however, that the 
results parallel each other so strikingly in 
these two infections, both of which arc 
rarely fatal when they involve the lung and 
so frequently fatal when they involve the 
central nervous system. 

Thus of a total of twenty-four patients 
with miliary or meningeal tuberculosis, 
fifteen are dead and nine are alive one to 
three years after the cessation of antimicro- 
bial therapy. It is probable that the com- 
plete remission of illness will be maintained 
in the nine living patients, for late relapses 
have not been observed in uncomplicated 
miliary tuberculosis, and the only two living 
patients who had meningitis have now 
survived for a minimum period of two years 
after completion of therapy. It should be 
emphasized, however, that all but two of 
the nine survivors arc from the group with 
miliary tuberculosis who ^vcrc fortunate 
enough not to develop meningeal involve- 
ment. As at least one-half to two-thirds of 
the patients with miliary tuberculosis do 
develop meningeal involvement, it is ob- 
vious that the surv'ix'ors of this total group 
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of infections represent a highly selected 
group. If the late follow-up results from the 
Veterans’ Administration series parallel the 
results from the present series, it could be 
predicted that out of every 100 patients 
with miliary tuberculosis, approximately 
thirty will survive. The great majority of 
these thirty will be those fortunate indi- 
viduals in whom meningeal complications 
do not occur. 

Pulmonary Tuberculosis. In the late fol- 
low-up of the series of pulmonary cases it is 
of interest to note the number of patients in 
whom streptomycin therapy was definitive 
in the sense that no subsequent collapse 
therapy ^vas necessary. From one standpoint 
such a value has little meaning unless it is 
carefully related to the t^q^e of pulmonary 
lesion for which the antimicrobial therapy 
was used. It is well recognized, for example, 
that regardless of the extent of the involve- 
ment the number of patients requiring 
collapse therapy would be appreciably 
smaller in the presence of predominantly 
exudative lesions without much necrosis 
than would be the case with subacute or 
chronic lesions with large areas of destruc- 
tion. From a broader standpoint, however, 
the late over-all results are of significance in 
that they ser\^e to indicate ^vhat is to be 
expected from the use of streptomycin in 
those t)q)es of pulmonary tuberculosis with 
which the physician is actually confronted. 

During the twenty-three-montli period 
from January. 1946, to November 30, 1947, 
sixty-seven patients with pulmonary tuber- 
culosis received streptomycin therapy. In 
general, no patient received chemotherapy 
if it were anticipated that the pulmonary 
lesions would regress on bed rest alone. 
Moreover, collapse therapy was never 
initiated until it seemed evident that no 
further improvement from the antimicrobial 
therapy ^vas to be expected. 

One and one-half to three years after 
these sixty-seven patients had completed 
streptomycin therapy thirteen were dead, 
thirty-two were alive and well, twenty were 
alive but still had active pulmonar)'- tuber- 
culosis and two were lost from obser\’ation. 
In seventeen of the thirty-two patients who 


had recovered, the only antituberculous 
therapies used were streptomycin and bed 
rest. In the other fifteen patients who had 
recovered it had been necessary to institute 
collapse therapy subsequent to the adminis- 
tration of the streptomycin. Collapse therapy 
had also been used in eight of the twenty 
survuving patients whose tuberculosis has 
persisted in an active state. 

Thus in seventeen of the sixty-seven 
patients with severe or moderately severe 
pulmonary tuberculosis, streptomycin (and 
bed rest) had apparently constituted defini- 
tive therapy. 

The fact that it was necessary to supple- 
ment streptomycin therapy with collapse 
therapy in the other fifteen successfully 
treated patients does not mean that strepto- 
mycin therapy necessarily failed to .exert an 
impressive control of those infections. On 
the contrary, in many instances in the 
present series such collapse therapy would 
never have been possible were it not for the 
artificial checking of the infection provided 
by the antimicrobial therapy. As a conse- 
quence, it is to be anticipated that more 
patients will receive collapse therapy rather 
than fewer as a consequence of the strepto- 
mycin therapy. Moreover, as it is now no 
longer necessary from an experimental 
standpoint to observe patients for as long 
as is possible after drug therapy before the 
institution of collapse, it may be possible to 
shorten the period of total therapy con- 
siderably by the institution of collapse soon 
after the start of the antimicrobial therapy. 
Such a practice is becoming increasingly 
widespread at present, and within a year 
or tsvo it should be possible to evaluate its 
benefits with some degree of precision. 

EMERGENCE TO PREDOMIN.A-NCE OF 
STREPTO.MYCIN-RESISTANT 
TUBERCLE BACILLI 

The relatively long-term results presented 
above represent what can be accomplished 
when streptomycin, despite its handicaps, is 
incorporated into the over-all treatment of 
tuberculosis. It is well recognized that the 
principal handicap consists of the fact that 
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drug-resistant micro-organisms will emerge 
and become predominant whenever strepto- 
mycin therapy is continued for a sufficient 
period in the presence of unhealed lesions. 

The fact that unhealed or persistently 
active lesions are a necessary factor for drug 
resistance is not always appreciated. Many 
internists not directly concerned with the 
chemotherapy of tuberculosis have gained 
the impression that regardless of the status 
of the lesion ail the tubercle bacilli within 
the patient become resistant to the drug 
when it has been administered for a certain 
period. Assuming that the genetic explana- 
tion of the origin of drug-resistant infections 
is correct,-®’”' and the available evidence 
appears to point in this direction, if an infec- 
tion were receding under drug therapy so 
that a large number of the bacterial popu- 
lation were being sterilized, it would not be 
anticipated that the emergence of drug- 
resistant bacteria would occur in a sufficient 
number to enable them to become pre- 
dominant. Consequently, in lesions which 
are rapidly regressing to the point of arrest, 
it might be anticipated that the micro- 
organisms remaining therein would be 
predominantly sensitive and that a relapse 
of the lesion many months later should be 
susceptible to retreatment with strepto- 
mycin. From the scattered observations 
which have been made, such would indeed 
seem to be the case. Conversely, if a lesion 
remains active throughout a sufficiently 
long period of drug therapy, sufficient 
generations of tubercle bacilli would be 
constantly occurring so that the possibilities 
of the emergence to predominance of drug- 
resistant variants would be very real indeed. 
It is for this reason that the emergence to 
predominance of drug-resistant strains of 
tubercle bacilli is much more of a problem 
in the treatment of patients with cavities 
than in the treatment of patients with 
diffuse nodular lesions.-®’^® It is only when 
the latter are large or present in great 
numbers, as in certain cases of miliary 
tubei'culosis, that drug-resistance becomes 
a problem. Thus, it is presumably not the 
morphologic arrangement of the lesion in 
the form of the cavity, but merely the fact 
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that the cavity happens to represent one of 
the most frequent forms of persistently un- 
healed lesions that is responsible for the 
high incidence of drug-resistance in associ- 
ation with cavities. 

Eff ect of Dose oji Emergence of Driig-Resislant 
Tubercle Bacilli. The attempts to prev^ent 
or postpone the emergence to predominance 
of streptomycin-resistant bacteria by the 
concurrent administration of another drug 
have already been discussed. Another ap- 
proach of substantial but limited promise 
consists in suitable alterations in the time- 
dose relationships of the streptomycin dosage 
regimen. This question is intimately inter- 
woven with the question of the size of the 
daily dose of streptomycin which will 
produce the maximal attainable antimicro- 
bial effect per unit of time. 

The 1 Gm. daily dose of streptomycin is 
virtually free of serious neuroto.xicity and 
undoubtedly produces significant thera- 
peutic effects in all diseases caused by 
streptomycin-sensitive species of bacteria. It 
is by no means established, however, that 
the effects observed on this low dosage 
represent the maximal attainable effects. 

Because of the many familiar variables it 
is extremely difficult to measure degrees of 
therapeutic effectiveness from comparison 
of the clinical courses of patients treated 
with various quantities of an antimicrobial 
drug. This difficulty is particularly accen- 
tuated in chronic infections such as tuber- 
culosis in which the principal measurement 
of continued activity consists of the rela- 
tively insensitive tool of serial roentgen- 
ographic examinations. One reasonably 
precise type of observation which may be 
used in such evaluation of proper dosage, 
however, is an analysis of tlie pattern of the 
emergence of drug-resistant strains of micro- 
organisms in patients treated on various 
regimens of the drug. 

Bacteriologic studies of this type were 
conducted by the writers in sixty-four 
patients with pulmonary tuberculosis who 
were treated on one or the other of two 
streptomycin regimens. Thirty-three of the 
patients received 3 Gm. of streptomycin 
daily and the remaining thirty-one received 
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1 Gm. of the drug each day. All strains of 
tubercle bacilli isolated from both groups 
of patients before treatment were quite 
sensitive to streptomycin in vitro. Moreover, 
on both the 3.0 Gm. and the 1.0 Gm. 
regimens highly resistant strains (i.e., not 
inhibited by 100 micrograms of strepto- 
mycin per cc. of medium) appeared during 
the treatment in approximately the same 
incidence. The significant difference be- 
tween the two treatment groups lay entirely 
in the incidence of strains with an inter- 
mediate degree of drug-resistant (i.e., resist- 
ant to concentration which ranged between 

2 to 100 micrograms of drug per cc. of 
medium) . 

On 1 Gm. of streptomycin daily these 
“intermediate strains” appeared early and 
their incidence steadily increased. In con- 
trast, on 3 Gm. daily virtually all strains of 
tubercle bacilli discharged by the patients 
were either highly resistant or quite sensi- 
tive to streptomycin throughout the obser- 
vation period. In effect the “intermediate” 
strains observed on the low dosage regimen 
represented large numbers of tubercle bacilli 
which could be killed by the administration 
of 3.0 Gm. of streptomycin but were not 
killed on the 1 Gm. regimen. 

The following interpretation has been 
made of these observations. The precise 
degree of drug-resistance which must be 
attained by the major part of a bacterial 
population within the body before essen- 
tially complete nullification of streptomycin 
occurs is not known. Nevertheless, when one 
bacterial cell with increased resistance to 
streptomycin is born, the effectiveness of 
the streptomycin therapy of that” infection 
has been compromised by that little bit. 
When the survival of bacteria of an inter- 
mediate degree of resistance is prevented, 
the curve of antimicrobial activity would 
persist at a high level until sufficient time 
had elapsed for the relatively few highly 
resistant bacteria to multiply to predomi- 
nance. From clinical experience this period 
is approximately ninety days. Thus, the 
cuiwe of drug effectiveness on the high 
dosage would be high for several months 
and then fall off relatively sharply. In con- 


trast, when the survival of bacteria of an 
intermediate degree of drug-resistance is 
favored, as is the case on 1 Gm. daily, the 
curve of drug activity would represent more 
of a slanting diagonal with a steady fall off 
in activity from week to week. Moreover, 
the start of the decline in activity would 
occur soon after the start of streptomycin 
therapy. It is most unlikely that such a 
gradual falling off of the effectiveness of 
streptomycin in pulmonary tuberculosis 
could be detected by the relatively crude 
clinical and roentgenologic means currently 
available. 

On the basis of this interpretation of the 
bacteriologic observations it would seem 
advisable to adopt one of two alternatives 
in the streptomycin treatment of each 
patient with a chronic infection such as 
tuberculosis. In instances in which the 
disease constitutes a clear and present 
danger such as miliary tuberculosis, ex- 
tensive pneumonias and the like, a large 
daily dose of streptomycin or dihydro- 
streptomycin should be used for a period of 
three or four months. In this situation the 
eventual nullification of drug activity and 
some incidence of neurotoxicity would 
simply be accepted as inevitable. 

In those other forms of tuberculosis in 
which the prognosis without antimicrobial 
therapy is reasonably good, streptomycin 
should be used only as an occasional ad- 
junct to the powerful defense mechanisms 
of the patient by administering the drug 
once, or at the most twice, each week. In 
this way some admittedly limited thera- 
peutic benefits can be obtained without 
continuously providing an environment 
which favors the survival of tubercle bacilli 
of intermediate degrees of drug-resistance. 

SUMMARY 

The recent advances in the use of strepto- 
mycin have included; additional studies on 
its pharmacodynamics in man; further 
exploration of the relative therapeutic 
effectiveness of various dosage regimens; 
and investigations of the value of the con- 
current administration of streptomycin with 
another antimicrobial agent. The neuro- 
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toxicity of streptomycin and the frequency 
with which drug-resistant micro-organisms 
emerge to predominance during therapy 
continue to be major problems. Relatively 
small daily doses of streptomycin (20 mg. 
per Kg.) appropriately adjusted to the 
patient’s weight exert definite therapeutic 
effects without undue risk of neurotoxicity. 
It remains to be established, however, that 
such low doses produce the maximal attain- 
able antimicrobial effect per unit of time. 
Dihydrostreptomycin is less neurotoxic than 
the parent compound, but such neuro- 
toxicity as it does produce is less readily 
predictable. Nevertheless, the dihydro de- 
rivative would seem to be preferable at the 
present time, particularly when relatively 
intensive therapy is necessary. Encouraging- 
preliminary results have been attained 
following attempts to prevent or postpone 
the emergence to oredominance of drug- 
resistant micro-organisms by the use of large 
daily doses of streptomycin and by the con- 
current administration of para-amino-sali- 
cylic acid. 
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Combined Staff Clinics 


Acute Diffuse Glomerulonephritis 

T hese are stenotyped reports of combined staff clinics of the College of Physicians and 
Surgeons, Columbia University, and the Presbyterian Hospital, New York. The 
clinics, designed to integrate basic mechanisms of disease with problems of diagnosis and 
treatment, are conducted under the auspices of the Department of Medicine. The reports 
are edited by Dr. Frederick K. Heath. 


Dr. Stanley E. Bradley: The clinical 
pattern of glomerulonephritis and its as- 
sociation with renal pathology was first 
pointed out by Richard Bright in 1827. 
Bright recognized that frequently the disease 
began acutely with hematuria, albuminuria, 
edema and a “full and hard” pulse, follow- 
ing scarlatina, exposure or intemperate 
living. He realized that healing often oc- 
curred spontaneously and that apparent 
subsidence might be followed after a long 
period by reappearance of edema, albumi- 
nuria and marked debility leading inevitably 
to death. The course of glomerulonephritis 
and the various forms of renal disease in 
which anasarca and proteinuria occur have 
since been more accurately defined but 
Bright’s description of the clinical events 
stands unchallenged. Studies of the micro- 
scopic anatomy of the kidney have been 
successful in showing the site of the lesion 
in acute nephritis and in marking out tlie 
changes that ensue as the disorder becomes 
chronically active. Unfortunately, little 
progress has been made in finding specific 
therapeutic measures to prevent or halt 
this process. 

During the past twenty years important 
advances in bacteriologic, biochemical and 
physiologic technics have opened up new 
approaches to tlie problems of etiology and 
mechanism of symptoms. A rational basis 
for the treatment of the various manifesta- 
tions of the disease has been achieved by a 
better understanding of the functional de- 
rangements and it is hoped that specific 
therapy will ultimately arise from the 
clarification of etiolog>'. 

Acute diffuse glomerulonephritis is for 
the most part a disease of youth. According 


to Seegal and Lyttle, approximately 70 per 
cent of cases occur before the age of Uventy- 
one. It is relatively uncommon, making up 
about 0.5 per cent of medical hospital 
admissions in the United States. This figure 
is undoubtedly misleading because only 
cases of overt illness of sufficient sev'^erity 
to ^va^rant hospitalization are included. As 
will be brought out later, there is good 
reason to believe that renal involvement 
may not be clinically evident or particularly 
alarming in many instances and the majority 
of cases are probably never recognized. 

Classically, the disorder begins abruptly 
with the appearance of edema tvhich has a 
curious tendency to collect about the eyes 
and over tlie cheeks altliough in grosser 
forms all parts of the body may be involved 
and fluid may accumulate in the serous 
cavities. At tlie same time the urinary out- 
put diminishes sharply and the urine 
becomes grossly bloody. Occasionally, how- 
ever, hematuria is detectable only by 
microscopy. Proteinuria is almost always 
found. In association with these evidences 
of renal dysfunction and water retention a 
variable elevation of arterial pressure fre- 
quently is observed. These changes persist 
for one or two weeks and tlien, in about 
90 per cent of children and 60 per cent of 
adults, sloiviy clear. 

Various combinations and permutations 
of different tj^pes of involvement of the 
kidney and vascular system may occur and 
produce a variety of clinical states. In 
a few individuals the renal functional dis- 
turbance may be so profound that uremia 
develops. Acute diffuse glomerulonephritis 
may be manifested from the outset as the 
nephrotic s>Tidromc; it seems likely that the 
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acute loss of enormous amounts of protein 
in the urine contributes to depletion of 
plasma albumin and hypoalbuminemia. In 
such cases hematuria may be minimal or 
apparently lacking. Occasionally hyper- 
tensive “encephalopathy” or cardiac failure 
may predominate and present difficult 
problems of diagnosis and management. 
Even in the more serious cases the prognosis 
is favorable and appropriate treatment 
usually has a gratifyingly successful out- 
come. Nevertheless, from 5 to 10 per cent 
of the hospitalized patients fail to respond 
and die as a result of renal insufficiency, 
heart failure or disturbances of the central 
nervous system. In a somewhat larger 
number the disease persists and becomes 
chronic. 

The most important clue to etiology lies 
in the fact that an upper respiratory infec- 
tion nearly always precedes the onset of 
acute nephritis by one to three weeks. 
Intensive bacteriologic studies have im- 
plicated the hemolytic streptococcus as the 
most frequent infective agent responsible 
for this antecedent episode. Furthermore, 
scarlet fever, erysipelas and other strepto- 
coccal diseases are frequently complicated 
by acute nephritis. Indeed, Lyttle found 
typical urinary changes by Addis count at 
some time in the course of scarlet fever in 
all of a series of fourteen children. These 
observations strongly suggest that the hemo- 
lytic streptococcus is concerned in some 
manner with the pathogenesis of acute dif- 
fuse glomerulonephritis. Dr. David Seegal 
will discuss this aspect. 

Dr. David Seegal: Considerable evi- 
dence has accumulated incriminating the 
hemolytic streptococcus as the chief causa- 
tive agent of acute glomerulonephritis. 
Loehlein in 1907 was among the first to 
point out this relationship and subsequent 
studies leading to Longcope’s compre- 
hensive investigations have lent weight to 
this opinion. 

With Dr. Lyttle and subsequently witli 
Dr. Emily Loeb, we carried out studies on 
the role of infection in acute nephritis in 
116 consecutive patients admitted to the 
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Babies or Presbytei'ian Hospital from 1932 
to 1937. Eighty-two per cent of the group 
were under thirteen years of age. This series 
probably represents the characteristic age 
distribution in acute nephritis. About three- 
quarters of the patients gave clinical evi- 
dence of an antecedent or progressive 
hemolytic streptococcus infection. The ma- 
jority of these infections were of the deep 
or septic variety unlike the mild pharyngitis 
associated with the onset of rheumatic fever. 
Although most of the patients entered the 
hospital many weeks after the onset of an 
upper respiratory infection, group A hemo- 
lytic streptococci were recovered from the 
pharynx of 71 per cent of the patients 
studied. It was impossible on bacteriologic 
evidence, however, to incriminate the 
hemolytic streptococcus as an etiologic 
agent in the remaining 29 per cent. It was 
necessary, therefore, to search for other 
evidence of prior infection. With the coop- 
eration of Dr. Heidelberger we found that 
serum precipitins against several hemolytic 
streptococcus nucleoprotein fractions could 
be demonstrated in two-thirds of our pa- 
tients. However, it was only with the intro- 
duction of the antistreptolysin test of Todd 
that we had a tool to gain the information 
we sought. In our first series of consecutive 
patients with acute nephritis, studied in 
1933, we found that twenty of twenty-two 
of the serums contained a sufficiently high 
antistreptolysin titer to indicate a recent 
hemolytic streptococcus infection. Serial 
antistreptolysin determinations carried out 
subsequently on the serums of several 
hundred consecutive patients with acute 
nephritis showed evidence of a group A 
hemolytic streptococcus invasion prior to 
the onset of the nephritis in at least 94 per 
cent of the patients. It is of interest that a 
considerable number of these patients with 
unmistakable immunologic evidence of he- 
molytic streptococcus infection had been 
described on admission to the hospital as 
having experienced wet feet, influenza, 
coryza or intestinal catarrh prior to the 
onset of tlie nephritis. Although it cannot 
be denied that acute glomerulonephritis 
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may be initiated by other agents, the im- 
munologic evidence indicates that the 
hemolytic streptococcus is by far the chief 
instigator. 

Before leaving the subject of acute 
nephritis may we call attention to certain 
immunologic data which we have collected. 
The height and duration of the abnormal 
antistreptolysin titer in patients with acute 
glomerulonephritis appear to be directly 
related to the severity, persistence or recur- 
rence of the hemolytic streptococcus infec- 
tion. However, no such relationship is 
demonstrable between the antistreptolysin 
response and the severity or duration of the 
acute attack of nephritis or the tendency 
to develop chronic nephritis. 

Altliough accurate figures are difficult to 
obtain, it is generally stated, as Dr. Bradley 
mentioned, that about 95 per cent of the 
acute glomerulonephritis in childhood heals 
whereas only about 60 per cent of the acute 
nephritis in adults heals. However, the 
difference in these figures may be more 
apparent than real since it is often difficult 
to differentiate between an initial attack 
of nephritis and an exacerbation of the 
chronic form of the disease. Our experience 
would lead us to believe that some reported 
episodes of acute nephritis in adults repre- 
sent exacerbations. Since the latter are 
manifestations of the chronic state, it is not 
expected that healing will occur. 

Many obserx'^ations have indicated that 
patients with healed acute glomerulone- 
phritis are remarkably resistant to second 
attacks. This is of interest since in rheumatic 
fever, another disease of proven association 
with the hemolytic streptococcus, recur- 
rence is common. An opportunity was 
presented to study twenty' individuals clini- 
cally, bacteriologically' and immunologically 
during the stage of acute glomerulonephritis, 
throughout a subsequent healed period and 
following a later infection with a group A 
hemolytic streptococcus. Eighteen of the 
twenty patients experiencing an invasive 
group A hemolytic streptococcus infection, 
after healing had been established, failed to 
demonstrate any significant abnormalities 


by urine analysis. Two of the patients ex- 
perienced an infection proved to be caused 
by the hemolytic streptococcus in one 
individual and presumably caused by that 
organism in the other. Both developed im- 
mediate gross hematuria unaccompanied 
by significant proteinuria. The urine analy- 
ses became negative in four weeks and one 
week, respectively. Not one of the twenty 
patients studied has developed the chronic 
form of glomerulonephritis. The nature of 
this impressive tissue immunity is not 
known. 

Healing fails to occur in the minority' of 
patients with acute nephritis and at the end 
of six months a subacute phase of the disease 
is apparent. Although this disease may 
ultimately' heal in a few members of this 
group, the majority' will experience progres- 
sive inflammation and degeneration of renal 
architecture leading to death within a few 
years. In children the combination of 
edema, hy'pertension and nitrogen reten- 
tion is common in this stage. The clinical 
and laboratory picture is unlike the nephro- 
tic phase of glomerulonephritis. Longcope 
suggested that the transition of acute ne- 
phritis into the subacute phase was related to 
persistence of tlie hemolytic streptococcus 
infection. This was an attractive concept in 
view of the close relationship which had 
been established between hemolytic strepto- 
coccus infection and tltc onset of acute 
nephritis. However, our clinical and bac- 
teriologic experiences did not permit this 
generalization. In tlic presulfonamide days 
it was not unusual for us to see patients 
whose acute nephritis healed completely 
in the face of persistent and angry forms of 
hemoly'tic streptococcus infection. Con- 
versely', in other individuals the subacute 
form of nephritis would progress inc-xorably 
in the absence of demonstrable hemolytic 
streptococcus infection. It could not be 
denied, however, that the infection preced- 
ing the acute nephritis might have set off a 
chain of immunologic reactions which 
scrv'cd to activate the nephritis. 

The mechanism for the maintenance of 
the chronic state of glomerulonephritis is 
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unknown. Two points of view prevail with 
respect to the nature of the disease. The 
one opinion held by Longcope and Ellis is 
that the disease arises de novo and is not a 
projection of acute hemorrhagic nephritis. 
This may be the correct view but it is less 
attractive to us than a second possibility. We 
share de Wesselow’s opinion that the 
majority of patients with acute glomeru- 
lonephritis are not seen by a physician. It 
is reasonable to assume that a number of 
such individuals fail to heal their nephritis. 
In time they will present the clinical picture 
of the nephrotic phase of chronic glomeru- 
lonephritis which Longcope and Ellis might 
consider as arising de novo. 

The velocity of development of chronic 
nephritis has wide limits and attempts to 
relate certain portions of the natural history 
of the disease to episodes of infection have 
yielded variable results. It has been possi- 
ble, however, to obtain useful data concern- 
ing the relation of infection to the exacerba- 
tion in nephritis. We followed sixty-eight 
patients with chronic glomerulonephritis 
for one to eight years. Twenty-eight exacer- 
bations of die nephritis were observed in 
thirteen individuals. All thirteen experi- 
enced at least one exacerbation preceded 
by a group A hemolytic streptococcus 
infection. Eight of the exacerbations fol- 
lowed infections which could not be proved 
due to this organism. No exacerbation of 
chronic glomerulonephritis in this series 
occurred without concomitant infection and 
in twenty of twenty-eight times this was a 
proven hemolytic streptococcus infection. 

The latent period between the onset of 
the infection and the exacerbation was from 
one to four days in the majority of instances. 
This latent period, as pointed out by others, 
is much shorter than that seen between the 
infection and the onset of acute glomeru- 
lonephritis. This difference may be of some 
aid in differentiating the acute from chronic 
forms of the disease. 

A common effect of exacerbations is to 
produce a transient decrease in renal func- 
tion. Ten of thirteen patients in our series 
exhibited one to four such exacerbations. In 
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six patients no effect on renal function could 
be demonstrated; four of these six patients, 
however, experienced other exacerbations 
in which a transient decrease in renal func- 
tion occurred. Only one patient developed 
a permanent decrease in renal function 
following an exacerbation but the nephritis 
was in the terminal stage at the time. 

Dr. Earle of our group studied the rela- 
tionship of the serum antistreptolysin titer 
to the exacerbation in chronic glomeru- 
lonephritis and found among other things 
that when it occurred, the greater the 
magnitude of the rise in the antistreptolysin 
titer the greater was the incidence of 
associated exacerbation in chronic glomeru- 
lonephritis. He further found that the 
exacerbation preceded the onset of the rise 
in antistreptolysin titer in seven of the eight 
sufficiently studied episodes. 

Apart from overt exacerbations in the 
course of glomerulonephritis, it is difficult 
to relate closely the progression of the 
nephritis to concomitant hemolytic strepto- 
coccus infection. Although the carrier state 
for the hemolytic streptococcus was ob- 
served somewhat more frequently in pa- 
tients with progressive nephritis than in 
those in the latent stage, the incidence of 
hemolytic streptococcus infections and ex- 
acerbations was similar in both groups. In 
individual patients a non-progressive phase 
of the disease would be apparent over a 
period of years with or without hemolytic 
streptococcus infection. Subsequently, the 
velocity of the nephritis would appear to 
increase in these patients either with or 
without the presence of demonstrable hemo- 
lytic streptococcus infection. It became 
apparent that a new experimental approach 
had to be explored to gain information 
concerning the mechanism of progressive 
nephritis. 

Dr. Bradley: The evidence set out by 
Dr. Seegal gives strong support to the view 
that the hemolytic streptococcus is directly 
implicated in causing acute nephritis but 
more crucial evidence is required before we 
can accept tlie concept as more than a 
reasonable h^'pothesis. It is necessary to 
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produce the disease experimentally in ani- 
mals with streptococci and to demonstrate 
the mechanisms by which these organisms 
produce renal damage. The experimental 
production of glomerulonephritis might 
provide a means of answering the questions 
raised by Dr. Seegal regarding the factors 
involved in perpetuating the acute process 
with the establishment of a chronically 
active lesion. Dr. Beatrice Seegal will con- 
sider these aspects of the problem. 

Dr. Beatrice Seegal: Attempts to 
reproduce nephritis in animals by inducing 
hemolytic streptococcus infection have gen- 
erally been unsuccessful. For example, Dr. 
David Seegal and his associates produced a 
variety of group A hemolytic streptococcus 
infections in mice, rabbits, dogs, goats and 
monkeys but never obtained evidence of 
nephritis. Similar experiments by other 
investigators have been equally unsuccess- 
ful. On the other hand, Doan and his 
associates have reported that five monkeys 
of a group receiving intranasal inoculations 
of both influenza virus and group G hemo- 
lytic streptococci developed clinical mani- 
festations of acute nephritis, namely, edema, 
hypertension and albuminuria. The urinary 
sediment contained casts and red cells. 
Two of tlie animals were sacrificed during 
the acute disease. Grossly, the kidneys were 
large and congested. Histologically, there 
was evidence of tubular damage and the 
glomeruli showed thickening of the cap- 
sular epithelium with occasional leukocytic 
infiltration. 

From the foregoing statements it may be 
readily understood that the experimental 
production of nephritis by the technic of 
producing group A hemolytic streptococcus 
infection is unsatisfactory. The results ob- 
tained in monkeys following group C 
hemolytic streptococcus infection indicate 
the possible advantage of using an animal 
pathogen in such studies. 

An e.xperimental technic which employs 
an immunologic approach does regularly 
produce an acute and chronie nephritis 
similar to the disease of man in a number 
of animal species. Richard Pearce in 1903 


prepared nephrotoxic serums (cytotoxins) 
by immunizing rabbits with dog kidney. 
The injection into dogs of the resulting 
rabbit anti-dog-kidney serum produced 
acute kidney damage in the dog, albumi- 
nuria and cylindruria and, at autopsy, 
histologic evidence of glomerular and tubu- 
lar damage. In 1920 Wilson and Oliver 
repeated these observations and obtained 
more pronounced glomerular lesions than 
those reported by Pearce. Ten years later 
Masugi added a most important observ'ation 
on the natural history of this nephritis. 
Masugi used both rats and rabbits as test 
animals. Anti-kidney serums for each species 
were prepared; rabbits were immunized 
with the rat kidneys and ducks with the 
rabbit kidneys. After injection of the specific 
antiserums into the rats or rabbits, the 
animals were studied for weeks or months. 
It was then observed that the initial acute 
nephritis might be followed by a chronic 
progressive disease even though no further 
injection of the anti-kidney serum was 
given. In other words, the acute nephritis 
instituted by the nephrotoxic serum was 
followed by a self-perpetuating disease. 

These observations on the production of 
chronic progressive nephritis have been 
amply confirmed. Smadel and Farr have 
given a particularly clear picture of the 
progress of the disease in rats. Within 
twenty-four to forty-eight hours following 
the initial injection of the nephrotoxic 
serum there is albuminuria and cylindruria 
and there may also be edema and hyper- 
tension. This acute phase lasts several days 
and is then usually followed by improve- 
ment which may progress to healing. Often, 
however, in the course of weeks or months 
albuminuria and cylindruria increase, hy- 
pertension and nitrogen retention dev'elop, 
there is a plasma protein deficit and anemia 
and. finally^ months after the injection of 
the anti-kidney serum, the animals die of 
renal insufficiency. Histologically, in the 
early stages there is swelling of the inter- 
capillary substance of the glomerular tuft 
and tubular degeneration. Later there is 
scarring of the glomeruli and tubules. 
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The following interesting physiologic data 
have been obtained from studies in animals 
rendered nephritic by cytotoxic serum: (1) 
In rabbits, Ehrich has reported diuresis and 
increase in filtration during the first week 
after the injection of the anti-kidney serum, 
followed by oliguria on about the eighth 
day. He reports the lesion as a diffuse 
cellular proliferation within all the glomer- 
uli. (2) In dogs, Fonts, Corcoran and Page 
have observed an early increase in the rate 
of renal blood flow with decreased efficiency 
of glomerular filtration which they attribute 
to thickening of the glomerular basement 
membrane. (3) Smadel and Farr have found 
that nephritic rats of the Whelan strain main- 
tained on a diet containing 40 per cent 
protein have a more severe, rapidly pro- 
gressing disease, whereas those maintained 
on a diet containing only 5 per cent protein 
have a less severe disease than do the con- 
trol nephritic animals maintained on the 
stock diet containing 18 per cent protein. 
Nephrotoxic nephritis in the Wistar white 
rat was uninfluenced by protein in the diet. 
(4) Smadel and Swift report that the natural 
history of cytotoxic nephritis in the Long- 
Evans and Wistar rat is somewhat different 
from that in the Whelan strain. Rats of the 
Long-Evans strain show a decrease in 
clinical signs between the thirtieth and 
seventieth day after injection of the nephro- 
toxic serum and then progression to chronic 
nephritis. The Wistar rats have a less 
marked acute nephritis and a period of 
apparent healing before chronic nephritis 
develops. In the Whelan strain acute 
nephritis progresses directly to the chronic 
slate. They interpret these observations as 
indicating an inherited difference in sus- 
ceptibility to nephrotoxin. 

Nephrotoxic nephritis in the rat is rela- 
tively organ-specific. Kidney damage does 
not follow the injection into rats of non- 
specific antiserums prepared by immu- 
nizing rabbits with such antigens as rat 
serum, erythrocytes, heart, liver and testicle. 
However, Dr. Emily Loeb and I have found 
that the serum of rabbits which have been 
immunized with rat placenta is nephrotoxic 
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and gives rise to chronic progressive nephritis 
as well as to abortion. This is significant in 
view of the association of renal patliology 
with the toxemias of pregnancy. Inter- 
cui'rent pregnancy also has a deleterious 
effect upon the course of chronic nephritis 
in man. 

The mechanism responsible for the de- 
velopment of cytotoxic nephritis naturally 
excites great interest. Two pieces of evidence 
suggest that the antibody concerned in 
producing nephrotoxic nephritis is directed 
against glomeruli. Pressman and his asso- 
ciates have iodinated the globulin fraction 
of rabbit anti-rat-kidney serum and anti- 
mouse-kidney serum with iodine containing 
tracer amounts of I^^k Radioautographs 
of the tissues from rats or mice injected with 
this iodinated antibody have demonstrated 
that the localization of the radioactivity 
and presumably of the antibody was in the 
glomeruli of the kidneys. Other evidence to 
support the importance of antibodies to 
glomeruli is that furnished by Ferrebee and 
his associates (personal communication). A 
method has been developed for obtaining 
rat kidney glomeruli in relatively pure state. 
These have proved capable of absorbing tlie 
nephrotoxic agent from antisera prepared 
by immunizing rabbits with tlie whole rat 
kidney. 

Kay, in an attempt to explain the disease 
in rabbits, noted that in this animal, in con- 
trast to the rat, there is a latent period of a 
week before albuminuria develops following 
the injection of the nephrotoxin, duck anti- 
rabbit-kidney serum. He suggested that the 
antibody-bearing foreign antigen (duck 
immune globulin) was anchored to the 
kidney by its immune reaction with this 
organ. Subsequently, after a period of time 
corresponding to the latent period observed, 
antibody to duck globulin developed. This 
in turn reacted with the duck globulin 
attached to the rabbit’s own kidney cells 
and acute nephritis resulted. Support for 
this point of view was obtained by giving 
x-ray treatment to rabbits injected with the 
nephrotoxin. This prevented the develop- 
ment of rabbit antibody to duck globulin. 
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It also prevented the development of 
nephritis. 

This explanation for the acute nephro- 
toxic nephritis in rabbits cannot be used to 
explain the disease in rats since there is 
practically no latent period between the 
injection of nephrotoxic serum and the 
onset of signs of acute nephritis. In neither 
animal is the progressive nature of the 
chronic disease explained. As Smadel and 
Swift have well stated, it is difficult to 
believe that the foreign nephrotoxic serum 
can persist in the rat’s body for many 
months and contribute to the recurrence or 
progression of renal disease. These authors 
suggest that both residual scarring of the 
glomeruli and “excessive or abnormal 
stresses and strains to which tubules ai'e 
subjected” may contribute to the evolution 
of the chronic nephritis. Another explana- 
tion, an immunologic explanation, for the 
chronic nephritis would assume the possi- 
bility of auto-antibody production. Once 
the kidneys have been damaged by the 
cytotoxins one may conceive that the kidney 
proteins are sufficiently altered antigenically 
to stimulate antibody production. These 
auto-antibodies, in turn, would damage 
more kidney tissue and thus give rise to 
more tissue capable of further stimulating 
the production of damaging antibodies. 

If, in the etiology of human nephritis, one 
is to implicate a mechanism similar to that 
operating in cytotoxic serum nephritis, it 
would appear necessary to assume the pro- 
duction of auto-antibodies to kidney tissue 
in the presence of hemolytic streptococcus 
infection. Certainly the patient with ne- 
phritis has not been injected with antibodies 
to human kidney and unless he has con- 
trived to produce some of his own there can 
be no relationship between the pathogenesis 
of his disease and the cytotoxic nephritis 
described in experimental animals. Evi- 
dence that antibody to kidney tissue may 
play a role in human nephritis is furnished 
bv Lange and his associates. In the sera of 
fifty-one ncphritics in all stages of the disease 
circulating antibodies to human kidney 
were present, as demonstrated by the 


collodion particle technic in 72.7 per cent. 
Higher titers and greater incidence of posi- 
tive reactions were obtained in cases in 
which patients were tested after the first 
month of the disease. 

Dr. David Seegal and his associates have 
attempted to demonstrate experimentally 
that the hemolytic streptococcus is able to 
render kidney antigenic for the homologous 
animal species. The kidneys of both rabbits 
and rats were exposed to cultures of Group 
A hemolytic streptococci and were then 
implanted in normal rabbits or rats. In some 
experiments fresh kidney tissue was added 
to broth inoculated with the hemolytic 
streptococcus and incubated twenty-four 
hours at 37°c. In other experiments young 
broth cultures were injected into the renal 
artery of excised kidneys, thus perfusing the 
kidney with streptococci. In either case the 
kidney tissue, saturated with hemolytic 
streptococci, has been implanted in the 
peritoneum of animals of the same species. 
Nephritis has not been obtained by this 
method. 

On the other hand, tlie Caveltis have 
succeeded in demonstrating the produc- 
tion of auto-antibodies in both rabbits and 
rats and have obtained nephritis in the 
latter animal. They injected these animals 
with homologous kidney ground and sus- 
pended with large numbers of elher-hilled 
hemolytic streptococci which stimulated 
the production of auto-antibodics to the 
kidney tissue. In the case of the rat, this has 
been followed by the development of 
chronic nephritis similar in course and 
disease picture to that which results from 
the injection of a prepared rabbit anti-rat- 
kidney serum. This method for obtaining 
nephritis is apparently beset with difficulties 
since Humphrey, using an almost identical 
technic, has been unable to produce the 
disease. 

The implication of these experiments 
described by the Caveltis is that the hemo- 
lytic streptococcus is able to alter the anti- 
genicity of the kidney so that it can induce 
auto-antibodics which react with the kidney 
to produce nephritis. The kidney tissue .'o 
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injured may stimulate further anti-kidney 
antibodies which injure more kidney and 
so establish a self-perpetuating disease. It 
must be emphasized that there is no direct 
evidence in support of such an etiology for 
nephritis in man and certainly arguing 
by analogy with animal experiments is 
hazardous. However, irrespective of the 
relationship between human and animal 
nephritis the experiments described serve a 
very useful purpose. A method is at hand 
which enables the investigator to study the 
effects of disturbed renal physiology in 
animals with renal disease closely simulating 
human chronic nephritis. 

Dr. Bradley: Even though our knowl- 
edge of etiology is incomplete, we seem 
justified in taking the view that acute 
diffuse glomerulonephritis is precipitated 
by some disorder of immune mechanisms in 
streptococcal infections. Such a disorder 
may well be susceptible to therapeutic and 
prophylactic attack. The data obtained 
from investigations of renal pathology and 
physiology give further support to this 
belief since they indicate that acute ne- 
phritis is primarily inflammatory and that 
marked changes may be completely 
reversible. 

The focal point of damage appears to lie 
in the glomerulus. In the more severe cases 
there is diffuse involvement of nearly all 
glomeruli with thickening and reduplication 
of the basement membrane, proliferation 
and swelling of the capillary endothelium 
and infiltration with leukocytes so that 
cellularity increases strikingly. Later the 
capsular space contains a fibrinous exudate 
which becomes organized as “crescents” and 
is responsible for the formation of adhesions 
between capillary loops and between the 
tuft and the capsular wall. Despite marked 
engorgement of the kidney as a whole, the 
capillary loops are often empty and col- 
lapsed. Marked obstructive distortion of 
capillaries and proliferation of endothelium 
may contribute to this by preventing ade- 
quate perfusion. The tubules, too, are 
affected but to a much less striking degree. 
Here and there desquamation of tubular 
SEPTEMBER, 1949 


389 

cells may be found and scattered cells 
appear to be undergoing necrobiosis. Jean 
Oliver has called attention to inflammatory 
changes in the interstitial tissue. The subse- 
quent alterations which may occur with 
progression do not concern us today; it is 
remarkable, however, that the widespread 
lesion of acute nephritis may clear alto- 
gether leaving no demonstrable residual 
damage. 

On the whole, the derangements of renal 
function may be correlated quite well with 
the morphologic abnormalities. The urinary 
findings conform with the notion that a 
glomerular capillary lesion results in filtra- 
tion of larger molecules than normal, thus 
permitting albumin and even globulins to 
enter the filtrate in large amounts. The 
hematuria is easily traceable to capillary 
bleeding since erythrocytes may be found 
within the glomeruli. Red cell casts are 
obviously derived from masses of red cells 
packed in the lower reaches of the con- 
voluted tubules and in the collecting ducts, 
following concentration by the tubular 
reabsorption of water. Likewise, the demon- 
strable reduction in glomerular filtration 
rate, measured by inulin or mannitol clear- 
ances, may be ascribed to thickening of the 
glomerular membrane and/or inadequate 
perfusion of glomeruli. In Table i clearance 
data collected in studies of twelve patients 
suffering from acute diffuse glomerulo- 
nephritis, as soon as possible after onset, 
show the extent to which filtration may be 
impaired, confirming earlier work by Earle, 
Taggart and Shannon. It will be noted 
that filtration returns to normal or almost 
normal values with healing, as in M. B. and 
in L. L. (Fig. 1.) 

This disturbance of filtration readily accounts 
for the tendency to retain nitrogenous 
wastes. Azotemia, varying in severity and 
affecting all components of the non-protein 
nitrogen, is closely correlated to tire degree 
of filtration defect, although augmented 
degradation of protein may play a part in 
determining the blood levels. The decreased 
glomerular filtration is associated with a 
lesser defect in tubular reabsorption and a 
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glomerulo-tubular imbalance results which 
causes disproportionate reabsorption of 
water and salt, thus contributing directly to 
retention of water and formation of edema. 

In addition to disproportionate renal 
reabsorption of salt and water by the tubules 


blood into the tissue spaces. Many measure- 
ments of the protein content of edema fluid 
appear to bear this out since protein con- 
centrations approaching those of plasma 
have been reported. However, tissue fluid 
samples are easily contaminated with plasma 


Table i 


renal function in acute diffuse glomerulonephritis* 


Subject 

Sc.x 

Age 

Glomer- 

ular 

Filtra- 

tion 

Rate 

Renal 

Plasma 

Flow 

Filtra- 

tion 

Fraction 

Extrac- 

tion 

Per 

Cent 

Renal 

Blood 

Flow 

TlUpah 

Azote- 

mia 

Edema 

Blood 

Pressure 

Esti- 

mated 

Days 

after 

Onset 

M. B. 

F 

52 

17 4 

62 6 

27.9 




Yes 

Yes 

164/74 

7 




59 6 

312.6 

19.0 



39.9 

Yes 

Yes 

156/95 

11 




84 8 

406 0 

21 2 



53.4 

No 

Yes 

144/84 

20 

F. C. 

M 

11 

48.0 

363 0 

13.2 



29.4 

Yes 

Yes 

140/75 

10 




34.5 

436.0 

7.9 

82.9 

965 

29.5 

Yes 

Yes 

124/80 

20 

M. C. 

M 

39 


505.0 


76 5 

1120 


Yes 

Yes 

150/90 

24 

J. s. 

F 

6 

13.8 

112.5 

12 4 



8 2 

Yes 

Yes 

172/120 

10 

I. A. 

F 

25 

28.4 

mSmi 

8 7 

47 0 

932 


Yes 

Yes 

145/95 

39 

M. S. 

M 

47 

67 0 


10.2 

76 4 

1278 

80 9 

Yes 

Yes 

I 96/104 

9 

G. M. 

F 

7 

34 0 

251.0 

13 5 



15 4 

Yes 

Yes 

120/80 

14 

E. S. 

F 

14 

41 1 

405 0 

10 4 

79 8 

824 


No 

Yes 

135/105 

20 

A. S. 

F 

37 

66 6 

598 0 

11 1 

82 6 

1226 

54 0 

Yes 

Yes 

150/80 

26 

L. P. 

M 

52 

90 0 


17 5 

69 4 

1021 

60.2 

No 

No 

234/138 


H. C. 

M 

47 

157.2 


11 7 

100 0 

1320 

72 2 

No 

No 

100/60 


T. B. 

M 

15 

62 8 


15.4 

94 0 

757 


No 

No 

108/72 


Normal Range 

100-150 


17-21 

89-100 

800-1400 

65-90 






* These subjects are arranged in order of severity of the disease process as judged upon clinical grounds. The 
figures were obtained in studies of patients with clear-cut acute diffuse glomerulonephritis at the Evans ^^emorial 
Hospital, Boston, Massachusetts, and the Presbyterian Hospital, New York. Each is an average of two or more deter- 
minations. Clearance measurements were made according to the methods described at length by H. W. Smith and 
his co-w'orkers (sec Lectures on the Kidney, Lawrence, Kansas, 1 943. University of Kansas Press). The PAH extraction 
was determined by the method described by Bradley (Tr. Josiah Macy, Jr. Conf. on Factors Reg. Blood Pressure, 1). 
Normal values are taken from these sources. The headings arc as follows; Glomerular Filtration Rate, cc. per minute, 
measured by the mannitol clearance; Effective Renal Plasma Flow', cc. per minute, measured by the PAH clearance; 
Filtration Fraction, per cent, equal to Glomerular Filtration Rate/Rcnal Plasma Flow; Extraction per cent, renal 
PAH c-xtraction, Renal Blood Flow, cc. per minute, equal to Renal Plasma Flow/Extraction per cent x I — hema- 
tocrit; and Tm^aii, maximal tubular excretion of PAH, mg. per minute. 


and, in some patients, hxTioalbuminemia, 
less clearly defined faetors often contribute 
to edema formation in acute nephritis. It is 
evident that the reduction of water output 
is directly linked to the accumulation of 
fluid in the tissues; possibly, however, this 
phenomenon is secondary in nature. The 
sudden appearance of facial edema xvithout 
evidence of weight gain is often cited in 
support of the belief that aeute nephritis is 
part of a widespread capillaiA* disease in 
which increased capillar)- permeability re- 
sults in a loss of protein and water from the 


from accidentally punctured capillaries. 
More recent determinations by Stead and 
others, with refined technics, have yielded 
lower values, less than 0.4 Gm. per cent, 
comparable to those obtained for the edema 
fluid of heart failure. This finding certainly 
suggests that capillary permeability is not 
increased but docs not constitute conclusive 
evidence since it depends upon small 
samples which arc taken from areas of 
gross edema and may not be representative 
of edema fluid in general. Recent studies 
in this country and abroad have disclosed 
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Fig. 1. Clinical course in acute diffuse glomerulonephritis. L. L., a seventeen year old white boy, complained of 
grossly bloody urine, severe flank psiin, weight gain, facial edema and fever of three days’ duration. Twenty days 
prior to admission to the hospital he suddenly became very ill with an upper respiratory infection. He remained 
in bed for almost t^vo weeks. The body temperature was elevated for four days after hospitalization and then 
fell abruptly to normal in association with the sudden development of signs of congestive heart failure, including 
orthopnea, dyspnea and cyanosis. This episode was preceded by a rapid elevation in blood pressure, weight and 
serum NPN. Digitalization and oxygen therapy were followed by relief of symptoms, by a diuresis and a fall in NPN 
and blood pressure. The body weight returned to normal less rapidly and the edema slowly cleared. At this time 
there was a marked reduction in the renal function, including glomerular filtration rate and effective renal plasma 
flow. The filtration fraction was normal. The maximal tubular e.xcretion of diodrast was also greatly reduced. With 
recovery, the proteinuria and hematuria slowly cleared, the heart size and electrocardiogram returned to normal 
and the kidney function gradually improved. Recovery appeared to be complete three months after onset, folio\s’- 
ing removal of chronically infected tonsils. Even at this time, however, the filtration fraction and the filtration rate 
were significantly reduced. 

an apparent increase in plasma volume mulation of salt and water. Arterial hyper- 

early in the course of acute nephritis indi- tension is but one cause of cai'diac failure in 

eating an expansion of the extracellular acute glomei'ulonephritis and grotving evi- 

water as a whole, with coincidental edema. dence indicates that failure may occur when 

In many instances heart failure is another elevation in blood pressure is but slight or 

important contributing factor in the accu- absent. Enlargement of tlie heart occurs not 
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infrequently during acute nephritis and 
Dr. John Dean has reported three cases 
from this clinic in which it persisted for 
many months in the absence of significant 
hypertension. Electrocardiographic abnor- 
malities are encountered at some time 
during the course of many cases, from 60 to 
90 per cent in different series. Rubin and 
Rapoport and otlier workers have stressed 
the frequency with which Ti is inverted or 
low in association with depression of STi. 
Reciprocal changes are found in the third 
lead. Clockwise deviation of Wilson’s ven- 
tricular gradient has been reported by La 
Due and Ashman. Since these effects are 
correlated with cardiac enlargement rather 
than hypertension, they suggest that rapid 
dilatation of the heart might be a causative 
factor. Most investigators have failed to find 
distinctive patliologic changes in heart 
muscle although Gore and Saphir have 
described serous myocarditis in sixteen of 
one hundred sixty patients dying in the 
course of acute nephritis. Possibly expansion 
of the plasma volume operates in this in- 
stance, as Stead has suggested, to throw an 
added strain upon the myocardium (which 
may be affected adversely in other ways 
by the disease), precipitating the rapid onset 
of decompensation. 

Certainly one frequently obser\^es the 
sudden onset of s^miptoms and signs of con- 
gestive failure some time after the appear- 
ance of peripheral edema. Such an instance 
is illustrated by L. L. (Fig. 1), a boy of 
seventeen in whom edema, hematuria, 
proteinuria and azotemia were observed at 
least one week prior to the rapid develop- 
ment of ortlaopnea, dyspnea and cyanosis, 
cardiac enlargement and pulmonary edema. 
Digitalization and o.xygen therapy were 
followed by improvement including a fall 
in the blood pressure and diuresis. The heart 
size and electrocardiogram returned to 
normal much more slowly despite the early 
correction of blood pressure levels. This 
sequence suggests the priority of water 
retention and hypcr\'olcmia in the chain of 
events, scr\’ing to focus attention upon the 
kidney as tlie chief source of difficulty. In 


addition, it is evident that heart failure 
contributed to the impairment of renal 
function in this case since the blood non- 
protein nitrogen concentration rose sharply 
with the onset of failure and fell slowly 
toward normal with recovery. Perhaps a 
superimposed disturbance of the renal cir- 
culation accounts for this. 

The renal blood flow may be measured in 
acute nephritis as tlae p-aminohippurate 
(PAH) clearance corrected by the values 
for the renal PAH extraction and arterial 
hematocrit. The extraction of PAH is 
determined by measuring the PAH con- 
centration in both peripheral arterial or 
venous blood and renal venous blood 
obtained from the left renal vein by catheter. 
The difference between these values divided 
by the figure for PAH concentration in 
arterial blood yields a value for the per- 
centage of PAH removed by the kidney 
from the blood perfusing it. Corrected 
values for renal blood flow obtained in nine 
patients by this method are tabulated in 
Table i. All were at tlie upper limits of 
normal or slightly in excess of normal, 
denoting a relative or absolute hyperemia 
of the kidney. This finding is consistent with 
inflammation and may cast light upon the 
occasional complaint of flank or back pain 
which may be throbbing in nature and 
sufficiently severe to require the use of 
analgesic agents. In the more severe cases 
with marked oliguria or anuria the blood 
flow is probably greatly reduced as a result 
of obstruction to flow through glomerular 
capillaries and increased intrarenal tension. 
Very low diodrast or PAH clearances 
(effective renal plasma flow), (M. B. and 
J. S., Table i; L. L., Fig. 1) which arc vcr>' 
difficult to explain in any other way arc 
found in such cases. Even so the reduction 
in effective renal plasma flow is much less 
than that in glomerular filtration rate. 
Hence, the filtration fraction, or percentage 
of plasma filtered during passage through 
the kidney, is nearly always reduced below 
normal. (Table i.) 

The PAH extraction was found to be 
depressed below the normal range of 89 to 
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100 per cent in every instance but two 
(H. C. and T. B.) who had recovered com- 
pletely according to the clinical evidence. 
This phenomenon may be interpreted as 
indicating either arteriovenous shunting of 
blood or perfusion of damaged tubular 
tissue. The fact that the maximal tubular 
excretion of diodrast (L. L., Fig. 1) or PAH 
(Table i) is usually reduced favors the latter 
explanation. Despite the relatively slight 
anatomic change in tubular cells it is 
apparent that significant functional alter- 
ations have occurred. 

Arterial hypertension was observed in 
most of the cases reported here, regardless 
of the presence of renal hyperemia relative 
to the mass of functioning tubular tissue. It 
is impossible to say whether the change in 
renal blood flow corresponded to the change 
in blood pressure since control values were 
obviously impossible to obtain. There is 
little evidence that vasoconstriction occurred 
in the kidney. The cause of hypertension in 
acute nephritis remains unexplained and 
insufficient evidence is at hand to warrant 
speculation. Certainly the various compli- 
cations of hypertension may have a further 
detrimental effect upon renal function. 

The convulsive seizures and other neuro- 
logic disturbances which may have serious 
consequences in patients with acute ne- 
phritis are believed to arise as a result of 
hypertensive cerebrovascular disease. These 
manifestations are clearly correlated with 
the severity of the arterial hypertension 
and they resemble the “encephalopathic 
episodes” observed in the course of essential 
hypertension. Whether hemorrhage, edema 
or possibly small thromboses are chiefly 
responsible remains disputed. 

Hematologic disorders are occasionally 
present. In a few patients a severe bleeding 
tendency will give rise to hemorrhage into 
the skin, serous cavities, bowel or urinary 
tract. No satisfactory explanation for this 
phenomenon has been advanced. Anemia 
may develop in patients with more severe 
forms of acute nephritis but is much more 
common in association with advanced renal 
failure in the chronic form of tire disease. 
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According to recent work by Emerson, both 
increased blood destruction and impaired 
blood formation are involved. 

In this clinic we have attempted to point 
out the paths along which progress has been 
made in clarifying the basic mechanisms of 
change in acute diffuse glomerulonephritis. 
Perhaps one of these will prove to be the 
way to a more complete understanding and 
more effective therapy of the disease. For 
the present, treatment is symptomatic and 
supportive according to principles that 
Dr. Loeb has agreed to outline briefly 
for us. 

Dr. Robert F. Loeb; In the patient 
exhibiting mild acute glomerulonephritis 
without hypertension, edema or nitrogen 
retention, no specific therapy is indicated. 
In the presence of significant hypoalbumi- 
nemia or overt edema, intake of sodium 
salts should be sharply restricted. In ful- 
minating cases exhibiting hypertension and 
edema associated with marked oliguria it is 
probably well to restrict fluid intake to the 
amount excreted by the kidneys plus that 
lost through insensible perspiration, about 
1,200 cc. During this period, which rarely 
exceeds a few days, it is a good plan to con- 
serve body protein by incorporating 100 to 
150 Gm. of carbohydrate in the diet and to 
exclude all sodium salts from the diet and 
infusions. Congestive heart failure should be 
treated by conventional methods. 

In the presence of overt streptococcal 
infection penicillin should be employed 
although, as indicated by Dr. Seegal, cure 
of the streptococcal infection probably has 
little influence per se on the course of the 
nephritis. 

Student: How long should the patient be 
kept in bed? 

Dr. Loeb: Bed rest should be continued 
as long as hypertension, heart failure or 
edema persist. It might be desirable to keep 
the patients at rest until all the urinary 
abnormalities have disappeared but un- 
fortunately this is not feasible since albumi- 
nuria and hematuria may continue for 
many months. 

Student: What about diuretics? 
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Dr. Loeb; Diuretics have no place in the 
management of acute glomerulonephritis. 

Student: Does potassium poisoning occur 
in the acute phase of glomerulonephritis? 

Dr. Loeb: It is probably rare. 

Student: Will you comment on the man- 
agement of convulsions? 

Dr. Loeb: The management of convul- 
sions consists of sedation, including perhaps 
the intravenous or intramuscular adminis- 
tration of magnesium sulfate. Lumbar 
puncture usually does not give convincingly 
beneficial results. 

SUM.MARY 

Dr. Frederick K. Heath: In this clinic 
emphasis was placed on the relationship of 
the group A hemolytic streptococcus to 
glomerulonephritis, certain immunologic 
mechanisms which might be operative 
dierein, and the pathologic physiology' of 
the acute disease. 

Acute glomerulonephritis begins ordi- 
narily one to three weeks following an upper 
respiratory infection when some combina- 
tion of the clinical symptoms of hematuria, 
proteinuria, edema and hypertension ap- 
pears. The infection is more apt to be deep- 
seated than superficial although this is not 
invariable and areas other than the upper 
respiratory tract may be the site, c.g., wound 
infections, ery'sipclas. Throat cultures which 
arc obviously taken when the infection may 
have subsided arc positive for the hemolytic 
streptococcus in 70 to 80 per cent of cases. 
Serum prccipitins to streptococcus nuclco- 
protein fractions arc found in a proportion- 
ate number of cases but antistreptolysin 
titers give a still higher percentage of posi- 
tives, being elevated significantly in 90 per 
cent of cases. The degree of antistreptolysin 
titer elevation is correlated witlt the severity 
of the streptococcus infection and not with 
the severity of the nephritis. In e.xacerba- 
tions of chronic nephritis, on the other hand, 
there docs appear to be a correlation be- 
tween the severity of the nephritis and the 
magnitude of tlic antistreptolysin titer. 
Children arc more commonly involved than 


adults and perhaps the majority of cases in 
cither group never come to medical atten- 
tion. Over 90 per cent of children heal acute 
nephritis and thereafter remain immune 
but only about 60 per cent of adults achieve 
this favorable outcome. 

Individuals with chronic nephritis show 
evidence of hemolytic streptococcus infec- 
tion prior to an e.\acerbation in about 
70 per cent of cases. Here the time inteiA'al 
between infection and nephritis is greatly 
reduced, usually being one to four days. 
Often there is a demonstrable decrease in 
renal function with exacerbations but this 
may' be only' transient or may not be 
clinically measurable at all. Aside from this, 
the factors which make for the development 
of the chronic disease and determine its 
velocity' are not well understood. There is 
no relationship between continuing infec- 
tion and progressive nephritis. 

In this dilemma the possibility' of auto- 
antibodies has been raised. The production 
of nephritis, both acute and chronic, in 
small animals by' the use of nephrotoxic 
sera (anti-kidney or anti-placental) is well 
established. In monkey's, after a mixture of 
group C hemoly'tic streptococcus plus in- 
fluenza virus was given intranasally, ne- 
phritis has been produced; in no animals 
has nephritis followed the administration of 
group A hemoly'tic streptococci. Recently, 
however, folloiving injection with a mixture 
of ether-killed hemolytic streptococci and 
ground kidney', chronic nephritis and auto- 
antibodies have been demonstrated in the 
rat. While there is no implication that a 
similar process exists in human nephritis, 
the analogy suggests that the streptococcus 
might so change the kidney' that it serves as 
an antigen to produce auto-antibodies. 
These in turn react with the kidney to 
produce nephritis; the damaged kidney 
again stimulates more auto-antibodies pro- 
ducing further nephritis. In this way a 
chronic progressive disease might ensue. 

The pathologic process of acute nephritis 
involves chiefly' the glomeruli and to a lesser 
extent the tubules and interstitial tissue. 
Hematuria, proteinuria and reduction in 
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glomerular filtration rate are all explained 
by the glomerular involvement. Nitrogen 
retention results from decreased filtration. 
The tubules are able to handle the reduced 
glomerular filtrate relatively more effec- 
tively with a consequent retention of water 
and salt. Hypervolemia, low serum albumin 
and possible increase in capillary perme- 
ability all favor edema formation. Cardiac 
failure when present may contribute to this 
cycle as it may in part be precipitated by 
it. Hypertension is not essential for the 
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cardiae enlargement and, like tlie anemia, 
remains unexplained; both tend to accen- 
tuate the renal and cardiac abnormalities. 

Renal blood flow is in the normal range 
as might be expected with the hyperemia of 
inflammation. Renal extraction is reduced 
probably because of tubular damage. The 
reduction in renal plasma flow is often not 
as marked as that in glomerular filtration 
rate, hence, the filtration fraction is uni- 
formly decreased. Table i illustrates these 
findings. 
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Chronic Pleurisy and Peritonitis* 

S TENOGRAPHIC reports, edited by Robert J. Glaser, m.d. and David E. Smith, m.d., of 
weekly clinico-pathologic conferences held in the Barnes Hospital, arc published in 
each issue of the Journal. These conferences arc participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School 
of Medicine and by Junior and Senior medical students. 


S B., (History No. 114547), a white, 
married accountant, forty-four years 
. of age, entered the Barnes Hospital 
for the first time on May 29, 1944, com- 
plaining of stiffness and swelling of the neek. 
The family history was irrelevant. The 
patient had had a chronic morning cough 
productive of thick white sputum. He had 
also experienced frequent, spontaneous nose- 
bleeds and on a number of occasions had 
had abdominal cramping relieved by the 
passage of flatus. Otherwise his general 
health had been good. Seven weeks before 
entry the patient developed a painful left 
lower tooth which was extracted. Two days 
later his temperature rose slightly and he 
noted swelling of the left side of the neck 
extending down to the left anterior chest. 
Although over the course of ten days the 
swelling subsided and the patient became 
symptom-free, he was admitted to the 
hospital for study. 

At the time of entry his temperature was 
36.7°c., pulse 72, respirations 18 and blood 
pressure 120 /80. The patient appeared well. 
No generalized glandular enlargement was 
noted. There was a congenital defect in the 
right retina. Examination of the neck, chest 
and heart was normal. The liver edge was 
palpable 2 cm. below the right costal margin 
on deep inspiration and the spleen could be 
felt 4 cm. below the left costal margin. The 
remainder of the physical examination was 
negative. 

Laboratory findings, including a com- 
plete blood count, urinalysis, stool examina- 
tion, blood Kahn test, blood amylase, circu- 
lation time and chest roentgenogram, were 
within normal limits. The venous pressure 


in the arm was 205 mm. of saline and in the 
femoral vein, 145 mm. of saline. 

The patient left the hospital on June 1, 

1944, without a definitive diagnosis having 
been made. He re-entered the hospital on 
April 21, 1945. He had been well in the 
interval until two months before admission 
when there was an onset of gradual weight 
loss, vague abdominal pain and mild 
dyspnea on exertion. His symptoms con- 
tinued, and he consulted his private physi- 
cian who noted signs of fluid in the left chest 
and referred the patient to the hospital. 

Phy'sical examination revealed a lymph 
node in the left supraclavicular fossa meas- 
uring 2 by 2 cm. Signs of fluid in the left 
chest were apparent. The remainder of the 
phy'sical examination was not remarkable. 
Routine laboratory studies were normal. 
Many sputum smears for acid-fast organ- 
isms were negative. Chest films revealed 
encapsulated fluid in the left pleural cavity; 
some of the fluid apparently was in the 
interlobar fissure. 

Soon after admission a thoracentesis was 
performed, and 1,000 cc. of blood-tinged 
fluid were removed. The fluid had a specific 
gravity of 1.018. It was inoculated into a 
guinea pig which showed no pathologic 
lesions at autopsy six weeks later. Cell 
blocks made from pleural fluid revealed 
many large multinucleated cells extremely 
suggestive of Dorothy Reed cells; a pre- 
sumptive diagnosis of Hodgkin’s disease 
was suggested. Bronchograms were normal. 
The patient left the hospital on May 18, 

1945, and subsequently was given twelve 
roentgen ray treatments to the left 
chest. 


From the Departments of Internal Medicine and Pathology, Washington University School of Medicine and the 

Barnes Hospital, St. Louis, Mo. 
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He felt quite well until two months before 
his third admission when he developed a 
dull aching pain in the left lower chest 
which was aggravated by heavy lifting, 
twisting his trunk and lying on his left side 
but not by coughing or deep breathing. The 
patient had a mild chronic cough which 
was productive of a moderate amount 
of mucoid sputum and he complained of 
abdominal discomfort characterized by 
sharp cutting pains in the left upper quad- 
rant. There was also some lower abdominal 
cramping which he attributed to constipa- 
tion. During the interim between admis- 
sions he had lost no weight. 

When he was admitted on December 2, 
1947, his temperature was 36.5°c., pulse 
78, respirations 20 and blood pressure 
125/70. The significant physical findings 
included dullness to percussion, diminished 
tactile fremitus, diminished breath sounds 
and a few crepitant rales over the left 
lower lung field. The remainder of the 
physical findings were unchanged from 
those recorded earlier. Numerous labora- 
tory studies were all negative except for the 
chest film which showed signs of old pleurisy 
at the left base and left apex. There was a 
questionable small amount of fluid in the 
left pleural cavity but because of overlying 
shadows the left lower lung field could not 
be adequately visualized. A gastrointestinal 
series and a cholecystogram were within 
normal limits. Bronchoscopy was per- 
formed but no abnormal findings were 
noted in the tracheobronchial tree. A diag- 
nosis of chronic pleurisy was made and the 
patient was discharged on December 11, 
1947. 

His cough decreased as did the discom- 
fort in the left chest. About three weeks after 
discharge, however, the chest pain recurred 
and was more severe than it had been 
previously; the patient was admitted for the 
fourth time on January 9, 1948. Physical 
findings and laboratory data were no dif- 
ferent from those noted previously. Soon 
after admission the patient was subjected 
to an exploratory thoracotomy under gen- 
eral anesthesia. A section of the seventh rib 
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was removed and a pocket containing fluid 
was entered. About 50 cc. of clear, yellow 
fluid were aspirated and penicillin was 
instilled into the cavity. The pleura was 
biopsied; microscopic examination revealed 
only the changes of chronic inflammation. 
No tumor cells were seen. The patient had 
an uneventful postoperative course and 
during his entire admission, as on the two 
previous ones, he was afebrile. He was 
discharged on January 22, 1948, with a 
diagnosis of pleural effusion, etiology 
unknown. 

He continued to have intermittent pain 
in his left chest. In February, 1948, marked 
localized epigastric pain, which came on 
particularly during meals, appeared. It was 
unassociated with any other gastrointestinal 
symptoms or signs until his abdomen began 
to swell. When he saw his physician three 
weeks before his fifth admission, signs of 
ascites were detected and on July 3, 1945, 
he re-entered the hospital. 

At that time his temperature was 37°c., 
pulse 100, respirations 20 and blood pres- 
sure 120/80. The patient now appeared 
chronically ill. Examination of the chest 
was as previously noted. The abdomen was 
distended, but no signs of fluid were 
demonstrable. The liver extended 6 cm. 
below the right costal margin. Bleeding 
hemorrhoids were present; otherwise, the 
physical examination was not remarkable. 
Laboratory findings revealed a normal 
blood count except for a slight left shift 
in the differential. Numerous liver function 
studies were normal. Intravenous pyelo- 
grams were negative. Sigmoidoscopy was 
performed and no abnormalities were 
found. The abdominal bloating and cramp- 
ing gradually decreased and disappeared 
but the patient continued to have pain in 
his left chest. An enlarged lymph node in 
the right anterior cervical region was re- 
moved but on microscopic section showed 
only chronic lymphadenitis. The patient 
was discharged unimproved on July 17, 
1948. 

He continued to have constant dull pain 
in the left lower chest and occasional sharp 
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transient pain in the same area. His appe- 
tite became poor and he lost 5 pounds. The 
hemorrhoids became large and bled con- 
sidei'ably. A persistent itching eruption 
appeared over the anterior chest and arms. 
The patient was re-admitted on August 12, 
1948, for nitrogen mustard therapy. 

At the time of entry the temperature was 
36.5/c., pulse 84, respirations 12 and blood 
pressure 120/80. Signs over the left lung 
were attributed to thickened pleura. The 
abdomen was tense, with signs of ascites. 
No other new findings were observed. 

The red blood cell count was 3,650,000 
with 9.8 Gm. of hemoglobin. The white 
cell count was 5,050, the dificrcntial show- 
ing 3 per cent stab forms and 72 per cent 
segmented forms. The urinalysis, thymol 
turbidity test, cephalin-cholestcrol floccu- 
lation test, total and fractional proteins, 
serum phosphorus and alkaline phosphatase 
were all within normal limits. The patient 
received 6 mg. of nitrogen mustard intra- 
venously on four successive days and on the 
fifth day abdominal paracentesis was per- 
formed. Twenty-four hundred cc. of grossly 
bloody fluid were removed. The fluid had 
a specific gravity of 1.018, a total protein 
of 4.5 Gm. per cent and there were 2,800,- 
000 red cells per cc. Cultures of the ascitic 
fluid were negative for bacteria and fungi; 
guinea pig inoculation also was negative. 
Cell block sections showed numerous endo- 
thelial cells but no tumor cells. After para- 
centesis the patient was noted to have both 
a large liver and a large spleen. During his 
first few hospital days the temperature was 
38°c.; following paracentesis it rose to 
39°c. and then fell to normal. The patient 
left the hospital on August 20, 1948. 

During the month which elapsed between 
his sixth and seventh admissions the patient 
continued to complain of anorexia, weight 
loss, pain in his left chest, constant dull 
aching in the upper abdomen and gen- 
eralized cramping abdominal pains and 
distention. In addition he was troubled with 
marked constipation, bowel movements oc- 
curring only once every five to seven days. 
He had occasional mild chills. 


He entered the hospital for the last time 
on September 20, 1 948, at which time his 
temperature was 36.6°c., pulse 92, respira- 
tions 20 and blood pressure 110/70. The 
patient was poorly nourished and appeared 
chronically ill. Tlic scars from his previous 
operative procedures were healed. The 
skin was quite pallid. There was no gen- 
eralized enlargement of the lymph nodes. 
Examination of the upper respiratory tract 
was within normal limits. Examination of 
the chest iwcaled limitation of motion on 
the left side where diminished tactile fremi- 
tus dullness and distant breath sounds were 
noted. The heart was not enlarged. A grade 
n, blowing, systolic murmur was heard 
over the pulmonic area. The abdomen was 
distended and quite tense. No organs or 
masses could be felt. Small hemorrhoids 
were noted. No edema was present. 

The laboratory findings were as follows: 
Red cells, 3,900,000; hemoglobin, 9.8 Gm.; 
white cells, 6,100: differential count: nor- 
mal. Urinalysis: negative. Stool examina- 
tion: negative. Electrocardiogram: tendency 
to right axis deviation. 

Following admission to the hospital the 
patient was given several blood transfusions 
and an exploratory laparotomy was per- 
formed. When the peritoneum was opened, 
bloody fluid was visible. Diffuse adhesive 
peritonitis was the most striking finding; 
all of the viscera were matted together, so 
much so that neither the spleen nor the 
liver could be palpated. Two sections of 
tissue were removed from the parietal 
peritoneum which felt nodular. Tissue was 
also removed from the mesentery of the 
small intestine. Microscopic sections subse- 
quently showed only the changes of chronic 
inflammation. Sections were also taken 
from retroperitoneal lymph nodes. Micro- 
scopic study of these revealed complete 
obliteration of the architectural pattern 
with prominent fibrosis and relatively 
acellular connective tissue. Plasma cells 
were abundant and a few eosinophiles were 
seen. The most common cell was large with 
a vesicular nucleus and pink cytoplasm. 
At times rather prominent nucleoli were 
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seen and in some areas it was thought that 
the cells resembled Reed-Sternberg cells, 
but no definite diagnosis could be made. 
The patient withstood the operative pro- 
cedure well. He received the usual sup- 
portive measures including parenteral fluids 
and blood. His appetite remained poor. 
After recovery from the surgical procedure 
he received 7,000 roentgen units to the 
abdomen. Despite transfusions, moderate 
anemia persisted. Following x-ray therapy 
the red blood cell count was 2,880,000, the 
hemoglobin 7.6 Gm. and the white cells, 
2,150. The differential was normal. Al- 
though there was inadequate intake of food, 
the patient’s condition for several weeks 
following operation showed little change. 
The serum proteins remained normal until 
early in December, several months after 
admission, when they were found to be 
4 Gm. per cent. The albumin was 2.7 Gm. 
per cent and the globulin 1.8 Gm. per cent. 
Blood chlorides were 94 mEq./L. These 
studies were made about the time that the 
patient developed pitting edema of his 
thighs and ankles. Anorexia persisted and 
frequent spells of vomiting occurred. On 
December 15th the patient had a sudden 
onset of sharp pain in the right chest 
posteriorly, associated with shortness of 
breath and increased cough. There was no 
fever. Physical examination revealed dull- 
ness and absent breath sounds over the 
right base posteriorly and a loud friction 
rub was audible over the lower half of the 
right chest. A chest film revealed an area 
of triangular infiltration which was inter- 
preted as pneumonia. Because of the possi- 
bility of pulmonary infarct, however, Dicu- 
marol therapy was instituted. The patient 
was also given antibiotics. Despite these 
measures he became weak and irrational. 
The pulse became feeble and his blood 
pressure fell to 95/85. His respirations 
slowed and he expired quietly on December 
18, 1948. 

CLINICAL DISCUSSION 

Dr. Harry L. Alexander: This case is 
most complicated and we shall certainly 
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not be able to discuss all of the interesting 
aspects involved.. If the assumption is made 
that this long illness, ^vas a result of a single 
disease, it will be perhaps profitable to 
inquire what disease is compatible with 
such a clinical course. This patient was ill 
for four and one-half years and at times the 
disease process, if indeed it was a single one, 
involved the pleura, lymph nodes, liver, 
spleen and peritoneum. It seems likely that 
the tooth extraction and apparent second- 
ary infection which occasioned his original 
admission were not of significance in rela- 
tion to the clinical picture as a whole. It 
was of interest, however, that at the time of 
his first admission, splenomegaly and he- 
patomegaly were noted. At the time of the 
seeond admission a pleural effusion was 
present. Dr. Fiance, can you suggest a 
disease which may have started with a 
pleural effusion and gone on to the clinical 
manifestations which were exhibited here? 

Dr. I. Jerome Flange: Pleural effusion, 
either inflammatory or malignant, associ- 
ated with splenomegaly is compatible with 
a number of diseases which involve the 
reticulo-endothelial system. Included in 
that group are sueh infections as tuberculosis 
and histoplasmosis; among malignant dis- 
eases, certainly the lymphomas merit seri- 
ous consideration. 

Dr. Alexander: Would you seriously 
consider tuberculosis as the etiologic factor 
here? 

Dr. Flange: In retrospect, the fact that 
this patient was afebrile during most of his 
illness and the fact that except after nitro- 
gen mustard and x-ray he had a normal 
blood count without monocytosis seem to 
me to exclude tuberculosis. 

Dr. Alexander: Guinea pigs were in- 
oculated with pleural and abdominal fluid 
from this patient on several occasions, and 
none of these animals died from tuber- 
culosis. Would you comment on those 
results in relation to exclusion of tuber- 
culosis as a possible diagnosis? 

Dr. Flange: I do not believe that a 
negative guinea pig inoculation completely 
excludes the diagnosis of tuberculosis, nor 
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do I think that the fact that no tubercles 
were found in microscopic sections from 
the involved areas excludes the diagnosis. 

Dr. Alexander: But you would exclude 
the diagnosis on the basis that the patient 
was essentially afebrile with a normal blood 
count for most of the duration of his illness? 

Dr. Flange: Yes, I think that in this 
particular situation both of those findings 
are most important. 

Dr. Alexander: Dr. Skilling, you saw 
this patient. Would you tell us what your 
thoughts were in regard to the possible 
diagnosis when the patient first consulted 
you? 

Dr. David M. Skilling: I saw him for 
the first time just before his second admis- 
sion to this hospital. As was noted he had a 
bloody pleural effusion, and I was rather 
impressed by cells which strongly suggested 
Reed-Sternberg cells. However, in the ab- 
sence of lymph node involvement I was 
loath to accept the diagnosis of Hodgkin’s 
disease on the basis of cell block studies 
alone. No cells suggestive of any other 
malignant disease were observed. The 
negative guinea pig studies seemed to me 
to constitute strong evidence against a 
diagnosis of tuberculosis, and I agree with 
Dr. Fiance that the absence of fever, like- 
wise, was not consistent with a diagnosis 
of tuberculosis in this particular situation. 
I was unwilling to exclude that diagnosis 
completely, however, until I had followed 
him for many months. 

Dr. Alexander: Is localized pleural ef- 
fusion common in Hodgkin’s disease? 

Dr. Skilling: I have never seen it with- 
out evidence of hilar adenopathy or in- 
volvement of lymph nodes at some other 
site. 

Dr. Alexander: What is your opinion 
on that subject, Dr. Reinhard? 

Dr. Edward H. Reinhard: I would 
agree with Dr. Skilling. Bloody pleural ef- 
fusion is certainly not the rule in Hodgkin’s 
disease although I suppose it may occur. 

Dr. Bruge D. KLenamore: Did this man 
have a tuberculin test? 

Dr. Alexander: Yes, he had a negative 
tuberculin test. Dr. Moore, do you believe 


that the patient may have had Hodgkin’s 
disease: 

Dr. Carl V. Moore: If we did not have 
the numerous negative biopsy reports and 
if we were not aware that this man failed 
to show any response to nitrogen mustard, 
I think that Hodgkin’s disease would be an 
apt diagnosis. In view of these observations, 
however, I think one may discard the 
diagnosis of Hodgkin’s disease. 

Dr. Alexander: What disease would 
you suggest in its place? 

Dr. Carl Moore: I am unable to offer 
a diagnosis. I think, as Dr. Fiance pointed 
out, that one of the granulomas should be 
considered, but I cannot be specific. 

Dr. Alexander: Dr. Reinhard, are you 
willing to discard the diagnosis of Hodgkin’s 
disease? I believe you saw the lymph node 
sections. 

Dr. Reinhard: I saw at least one of them 
and did not think the microscopic picture 
suggested Hodgkin’s disease. In addition 
there were a number of clinical features 
which would be most unusual in Hodgkin’s 
disease. The patient never had fever except 
on rare occasions and he never had signifi- 
cant lymphadenopathy. Furthermore, there 
was no leukocytosis and no eosinophilia. I 
administered nitrogen mustard to this 
patient as a therapeutic test. We thought we 
were justified in so doing, in that had he had 
Hodgkin’s disease we probably would have 
helped him. He made no response whatso- 
ever and I agree that Hodgkin’s disease 
does not seem to merit further consideration. 

Dr. Alexander: Do patients with Hodg- 
kin’s disease always respond to nitrogen 
mustard therapy? 

Dr. Reinhard: Certainly in a great 
majority of patients there is a good response 
provided the patient has not received nitro- 
gen mustard previously. The improvement 
may be of extremely brief duration, but 
pain and anorexia particularly are bene- 
fited. Fever, which so often accompanies 
Hodgkin’s disease, is also usually controlled 
by nitrogen mustard therapy. 

Dr. Alexander: May not a patient have 
Hodgkin’s disease without exhibiting per- 
ipheral lymphadenopathy? 
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Dr. Reinhard: That is possible, but un- 
likely. It seems to me that in a patient such 
as this man, in whom tuberculosis and 
Hodgkin’s disease can be fairly well ruled 
out, one has to consider fungus infections 
seriously. I distinctly remember a patient 
presented at a conference here some years 
ago in whom at autopsy there was diffuse 
actinomycosis with abscesses in the spleen. 
The infection had extended up through the 
diaphragm and had given rise to a left 
pleural effusion. Such a sequence of events 
may have occurred here. 

Dr. Henry A. Schroeder; There are 
certain features in this case which are not 
unlike those described in polyserositis. 
Usually, however, the pericardium is in- 
volved in polyserositis and there is certainly 
no evidence that such involvement was 
present here. 

Dr. Alexander: To me, one of the most 
impressive features about this case was 
the adhesive peritonitis. Dr. Kenamore, 
what explanation do you have for this 
finding? 

Dr. Kenamore: It seems to me that the 
most likely possibilities, namely, tuberculo- 
sis and carcinomatosis, have been excluded. 
I think it is fair to say that the latter has 
been fairly well excluded on the basis of the 
repeated biopsy specimens, cell blocks and 
exploration. Lymphoma may also give rise 
to this clinical picture. 

Dr. Alexander: Dr. Scheff, what is your 
opinion? 

Dr. Harold Scheff; I would agree with 
Dr. Kenamore. 

Dr. Alexander: Dr. Ackerman, you saw 
these biopsy sections when they were sent 
through the surgical pathology laboratory. 

Dr. Lauren V. Ackerman; I was asked 
to review a section from this rather com- 
plicated case and I am afraid that I was not 
able to be of much help. I would agree that 
there was no evidence of tumor or of Hodg- 
kin’s disease, either in the lymph node or 
in the pleura. The findings were chiefly 
those of fibrosis. The section from the 
pleural fluid showed large numbers of 
what I interpreted as mesothelial cells; I 
could not convince myself that any of them 
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were true Reed-Sternberg cells. I have 
never found it possible to make a diagnosis 
of Hodgkin’s disease on the basis of ex- 
amination of cell blocks made from either 
pleural or peritoneal fluid. I have, however, 
in several instances made a diagnosis of 
lymphosarcoma. I think that the latter 
diagnosis is less difficult to make on cell 
block specimens. A section of the pleura 
taken at the time of thoracotomy showed a 
great deal of fibrous tissue and evidence of 
chronic inflammation. There were large 
cells present which remotely suggested 
Reed-Sternberg cells, but I am afraid that 
one could not identify them as such. Several 
of the sections taken at the time of the 
abdominal exploration were most interest- 
ing. I should like to point out some of the 
difficulties involved in attempting to make 
a definitive diagnosis from cell blocks of 
peritoneal fluid. Figure 1 is an example of 
proliferation of the peritoneum which 
occurred in a patient with cirrhosis of the 
liver. I suspected carcinoma when I saw 
this section and subsequently when the 
patient died he was found to have cirrhosis 
without carcinoma. Figure 2 is a section of 
a cell block of normal peritoneal fluid in 
which the pseudo-acini certainly suggest 
tumor. Mesothelial cells may be multi- 
nucleated and may even have mitotic 
figures. It may be most difficult to distin- 
guish them from carcinoma cells. 

Dr. Thomas H. Hunter: Is it not possible 
that this patient had a mesothelioma? 

Dr. Ackerman: I do not believe that 
there is any way of ruling that diagnosis in 
or out. 

Dr. Hunter: A patient with mesothe- 
lioma may have a very prolonged course as 
this man did. I saw a similar patient at the 
Presbyterian Hospital in New York who was 
a most baffling diagnostic problem for a 
rather long period of time. He, too, had 
involvement of both the pleural space and 
peritoneum. 

Dr. Alexander; If this patient had had 
carcinomatosis which involved many of the 
abdominal viscera, would you not have 
expected that biopsy from an involved area 
would have shown the lesion? 
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Fig. 1. Photomicrograph of a paraffin section made from peritoneal fluid; note the large pseudo-acini. This sec- 
tion was thought to be carcinoma by several pathologists. At postmortem examination the patient had cirrhosis of 
the liver; there was considerable pciitoneal reaction with proliferation of mcsothelial cells but no careinoma. 

Fig. 2. Photomicrograph of paraffin section of normarperitoncal fluid; numerous pseudo-acini are present. Note 
the very large cells and the plcomorphism. 


Dr. Ackerman; When this patient was 
explored, the gross appearance did not 
suggest carcinomatosis to me nor did I find 
anything in the biopsy that suggested that 
diagnosis. At the time of operation carci- 
noma of the pancreas had been considered 
but such a clinical course as this man ex- 
hibited would be most unusual. 

Dr. Reinhard: It seems to me that the 
possibility of fungus infection still remains 
here. 

Dr. Alexander; I should think that if 
this had been a fungus infection the causa- 
tive organism would have been demon- 
strated sometime during the intensive study. 

Dr. Skilling; At the time pleural fluid 
was originally removed from this man’s 
chest a thorough search was made for 
fungi but none was found. 

Dr. Alexander; In summary, I think 
that we would all agree that there is no 
obvious diagnosis in this case. It seems un- 
likely that either tuberculosis or carcinoma 
was responsible and Hodgkin’s disease also 
seems unlikely. Fungus infection has been 
suggested but no evidence has been secured 
to substantiate it. Finally, mesothelioma 
has been proposed. I believe we shall have 
to depend on the pathologists to demon- 
strate the nature of the lesion which pro- 
duced this most complicated and unusual 
clinical picture. 


Clinical Diagnosis. ? Fungus infection of 
unknown type; ? mesothelioma. 

PATHOLOGIC DISCUSSION 

Dr. Clarence Pickard; The right pleural 
cavity contained 800 cc. of clear greenish- 
yellow fluid. There was a small focus of 
fibrin on the posterior surface of the right 
lung. The left pleural cavity (Fig. 3) was 
completely obliterated from apex to dia- 
phragm by an extremely firm, dense mass 
of light tan fibrous tissue, varying from 2 to 
60 mm. in thickness, which penetrated into 
the lung substance and was so firmly 
attached to the chest wall that it could not 
be stripped away. The lung within this 
hard shell was very firm to palpation. A 
ropy, mucopurulent secretion was present 
in the bronchi. 

All the abdominal viscera were matted 
together by massive diffuse adhesions. The 
parietal peritoneum was 1 to 3 mm. thick 
and was studded with multiple, miliary, 
firm, gray nodules as much as 3 or 4 mm. 
in diameter. The visceral peritoneum and 
mesentery likewise were thickened and 
nodular. (Fig. 4.) 

A small, firm, gray nodule, 2 cm. in 
diameter, was present in the body of the 
pancreas and extended into the posterior 
wall of the stomach. There was a large, 
soft, spong)'^ mass lying anteriorly between 
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Fig. 3. Photograph of the pleura and lung showing the thickening of the pleura due to the mesothelioma The 
underlying lung is collapsed. ' 

Fig. 4. Massive thickening of the mesentery due to involvement by the mesothelioma. 


the stomach and colon. All of these struc- 
tures were firmly fixed together. The mucosa 
of the entire gastrointestinal tract was 
intact. 

Other significant findings were general- 
ized serous atrophy of fat and a small heart 
with brown flabby myocardium. 

Dr. Robert A. Moore: The gross ob- 
servations were not too helpful in establish- 
ing a diagnosis. In our preliminary ex- 
amination we were impressed by the tumor 
mass in what appeared to be the substance 
of the pancreas, by the nodules over the 
surface of the peritoneum and by the ap- 
parent involvement of some of the lymph 
nodes about the head of the pancreas. 
These and the large mass in the upper 
abdomen were certainly suggestive of the 
diagnosis of carcinoma of the pancreas. 
Such a tumor is one of the more common 
intra-abdominal carcinomas producing 
widespread metastases to the peritoneum 
inasmuch as the pancreas itself is immedi- 
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ately adjacent to the peritoneum and cells 
apparently are shed into the peritoneal 
cavity and become implanted over its 
surface. The principal findings that were 
not in keeping with that diagnosis were 
the changes within the left pleural cavity 
which we interpreted at the time of the 
gross examination as chronic pleurisy with 
fibrous thickening of the pleura. We did 
not associate these two findings and conse- 
quently we made two separate diagnoses: 
carcinoma of the pancreas with metastases 
to the peritoneal cavity and to the regional 
lymph nodes, and fibrous thickening of the 
pleura and obliteration of the left pleural 
cavity. 

One objection to the diagnosis of pan- 
creatic carcinoma arose. Although it is 
quite possible for carcinoma of the pancreas 
to metastasize in the way it was presumed 
that this lesion did — that is, without met- 
astases to the liver or to the thoracic 
cavity — it is not common. A second diag- 
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nostic possibility was therefore considered, 
namely, a tumor whose primary site was 
the peritoneal surface, the so-called meso- 
thelioma; however, the mass in the sub- 
stance of the pancreas appeared to' be of 
such a character that we were led to believe 
that it probably represented the primary 
lesion. All of the other organs were care- 
fully searched, particularly the lung, be- 
cause carcinoma of the bronchus may lead, 
to changes similar to those observed in the 
left pleural cavity. Many of the tumors: 
described in the literature and accepted 
over a period of years as mesotheliomas of 
the pleura have been proved by more 
careful examination to be primary bron- 
chogenic carcinomas which have spread 
into the pleural space. There was one- 
specimen in point in the museum at Western 
Reserve University which for fifteen or 
twenty years was used as an example of 
mesothelioma of the pleura. One day Dr. 
Karsner was studying carcinoma of the 
bronchus and in the course of his investiga- 
tion he opened several of the bronchi in 
that particular specimen which had not 
been previously opened. One of them was 
found to be the site of a classical primary 
carcinoma of the bronchus. It is therefore 
necessary to establish the diagnosis of 
mesothelioma on the basis of both positive 
and negative evidence. In other words, it 
must be shown that a tumor has not, so far 
as one can determine, arisen in some organ 
and then spread to involve the pleural or 
peritoneal surface. Second, the histologic 
characteristics of the tumor must be con- 
sistent with what one would expect if the 
tumor had originated from mesothelial 
cells. 

The photomicrograplis from the autopsy 
material illustrate the histologic character 
of the tumor in this case. Figure 5 is from a 
nodule in the peritoneal cavity which Dr. 
Pickard described. There are large poly- 
gonal or round cells that are oriented to one 
another, in that they are lined up in flat 
sheets. They do not form glandular spaces 
and many of the sheets of cells have a con- 
nective tissue core as if the tumor was 


papillary in type. Papillary forms of meso- 
theliomas have been described both in the 
peritoneum and pleura. Figure 6 is another 
section at higher magnification. The cells 
have an abundant quantity of cytoplasm 
and large anaplastic nuclei with prominent 
nucleoli. In some sites the tumor forms 
sheets of cells with opposing surfaces flat- 
tened against the adjacent cells. Such an 
arrangement is one which is characteristic 
of a mesothelioma. At an even higher 
magnification (Fig. 7) the multinucleated 
character of some of the cells is apparent. 
Some of the multinucleated cells have 
overlapping nuclei such as are frequently 
seen in the Hodgkin’s type of giant cell. 

A differential histologic point in the 
diagnosis of mesothelioma is the absence of 
mucin within the cells. Not aU carcinomas 
contain mucin in terms of gross or general 
microscopic appearance, but it is most 
unusual for a carcinoma originating from 
a mucin-secreting organ, such as bronchus, 
pancreas or the gastrointestinal tract, not 
to contain small globules of mucin in some 
cells. A stain for mucin in these prepara- 
tions showed absolutely none in any of the 
cells. 

In sections from the pleura the histologic 
picture was essentially similar. Figure 8 
illustrates the dense connective tissue, which 
I suspect was related to the radiation 
therapy, and a buried mass of tumor which 
has undergone necrosis in its avascular 
center. Figure 9 is a higher magnification 
of a field in that nodule in which the cells, 
aside from vacuolation of the cytoplasm, 
show essentially the same characteristics 
as the malignant cells in the peritoneum. 
The last photograph (Fig. 1 0) is of a section 
of a tracheobronchial lymph node which 
was not recognized in the gross as contain- 
ing tumor. In some of the sinusoids, how- 
ever, are small groups of cells identical with 
those in the pleura and in the peritoneum. 

In sections of the pancreas the lobules of 
parenchyma were distinctly separated from 
the nodules of tumor and there was no 
transition from normal cells to tumor cells 
as is characteristic of primary carcinomas 
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Fig. 5. Section of a peritoneal nodule in which the cells of the mesothelioma are arranged in a papil- 
lary pattern. 

Fig. 6. A nodule of tumor from the peritoneum in which the mesothelioma is of a solid character. 
Fig. 7. Multinucleation, large nucleoli, abundant cytoplasm and anaplastic nuclei in the cells of the 
peritoneal tumor. 

Fig. 8. A nodule of partially necrotic mesothelioma buried in dense fibrous tissue from the left pleural 
cavity. 

Fig. 9. Cellular details of the mesothelioma of the pleura which are essentially identical with the 
peritoneal tumor. 

Fig. 10. Isolated metastatic cells of the mesothelioma in a tracheobronchial lymph node. 


of that organ. By careful re-examination of 
the gross specimen we have also been con- 
vinced the tumor was not within but rather 
around the head of the pancreas. 

From the microscopic study then there 
is evidenee whieh enables us to come to a 
definitive diagnosis. First, the histologic 
characteristics of this tumor are those of a 
mesothelioma and seeond, the only alternate 
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possibility — that of a primary carcinoma — 
has been excluded by the absence of charac- 
teristic findings of pancreatic carcinoma. 
Therefore, the final diagnosis is mesothe- 
lioma involving both the peritoneal and 
pleural surfaces. 

Dr. Hunter’s comment about a case of 
mesothelioma involving two mesothelial 
surfaces was most informative; we had been 
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unable to find reference to such a case. I 
think a final and essentially unanswerable 
problem in this case is whether the tumor 
arose in the pleura and spread to the peri- 
toneum, whether it was a primary tumor 
of the peritoneum which spread through 
the diaphragm to the left pleura or finally 
whether it was a tumor which arose simul- 
taneously in two serous surfaces. The long 
clinical history is consistent with the general 
observation that these tumors do not grow 
very rapidly. 

Dr. Alexander; Were you surprised 
that the diagnosis was not revealed when 
sections of the biopsies of the pleura and 
peritoneum were studied? 

Dr. Robert Moore; No, I was not sur- 
prised; even at the time of autopsy the 
pleura was mostly dense fibrous tissue. In 
the section of pleura which we studied, for 
example, I demonsti'atcd one nodule of 
tumor; in that same section there was one 
other nodule one-quarter the size of the 
first. That constituted the total amount of 
tumor in one section. The chance omission 
of tumor in a given biopsy specimen is 
obviously quite possible, particularly in a 
case such as this. 

Dr. Ackerman; When I was told the 
final diagnosis in this case, I reviewed the 
biopsy material with increased interest. I 
can say that the first biopsy of the pleura 
showed nothing but fibrosis. It is unfortu- 
nately true that unless a biopsy is taken 
from the right area it is very difficult to 
make a diagnosis of mesothelioma in the 
presence of minimal foci of proliferation of 
mesothelium. I think that it would have 
been perfectly possible to make the diag- 
nosis here if the biopsy had been taken from 
a different area. The cell blocks of both the 
pleural fluid and peritoneal fluid un- 
doubtedly contained tumor cells which we 
interpreted merely as stimulated or pro- 
liferating mesothelial cells. 

Dr. Robert Moore; The point is this; 
in hindsight there are tumor cells in some 
of the material, but any pathologist who 
made the diagnosis of a mesothelioma on 
the basis of the biopsy material could not 


have supported it. There were no cells not 
entirely consistent with hyperplasia of the 
peritoneal surface in response to the pres- 
ence of a fluid over a long period of time. 

Dr. Hunter; The patient I had in mind 
repeatedly accumulated blood-stained fluid 
in his pleural and abdominal cavities. 
There was one outstanding feature of that 
fluid; it was extremely viscous and had the 
consistency of cold honey. It was found to 
contain large amounts of hyaluronic acid. 
As a matter of fact it took about an hour to 
remove 2 or 3 hundred cc. of the fluid. 
Later hyaluronidase was injected directly 
into his peritoneal cavity and then the fluid 
was removed with ease. 

Dr. Ackerman; Dr. Hunter’s observation 
is very interesting because these tumors are 
essentially similar to tumors which arise 
within the joints and which also produce 
large amounts of hyaluronic acid.^ In 
regard to mesotheliomias several excellent 
papers may be consulted for further 
information.^^ 

Final Anatomic Diagnoses. Mesothelioma 
involving the pleural surfaces of the left 
thoracic cavity with complete obliteration 
of the pleural space, and involving the 
peritoneum with extension into the pan- 
creas, posterior wall of the stomach and 
wall of the transverse colon; metastatic 
mesothelioma in the left tracheobronchial 
and bronchopulmonary lymph nodes and 
in the mesenteric lymph nodes; atelectasis 
of the left lung, moderate. 
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Renal Clearance of Creatinine by Pa- 
tients WITH Muscular Disease. Frank H. 
Tyler, M.D., Salt Lake City, Utah. (From 
the Department of Medicine, University 
of Utah.) 

In recent years it has become obvious as the 
result of a number of studies that the renal clear- 
ance of endogenous creatinine is a good measure 
of glomerular filtration rate in normal indi- 
viduals and in most patients with nephritis. 
When this method was used to study the 
creatine-creatinine metabolism of patients with 
progressive muscular dystrophy, strikingly low 
filtration rates were found. When the standard 
inulin and p-aminohippurate clearances were 
measured, it was found that the glomerular 
filtration rate (Cl In), the renal plasma flow 
(Cl PAH) and the filtration fractions were 
normal. Simultaneous creatinine clearances, 
however, ranged from 30 to 70 per cent of the 
inulin clearance values. Furthermore, the reduc- 
tion in creatinine clearance showed good cor- 
relation ivith the severity of muscular wasting. 
The same observation in a less striking degree 
was made in two patients who had hyper- 
thyroidism with muscular atrophy. 

The explanation of this apparent discrepancy 
is not clear. Three hypotheses suggest themselves: 
First, the creatinine may be found in the serum 
in some fashion in the presence of certain muscle 
disorders. Second, the renal handling of crea- 
tinine may be different in the dystrophic patient 
than in the normal. Third, use of the Jaff6 
reaction for determination of serum creatinine 
may have led to falsely high values for serum 
creatinine in the dystrophic patient as the 
result of some interfering chromogen in the 
blood serum. 

Study of Urinary Coproporphyrin Ex- 
cretion IN Patients with Neoplastic 
Diseases. Howard R. Bierman, M.D., D. 
Michael Crile, M.D., Louis Strait, Ph.D. and 


M. K. Hrenoff, B.S. San Fiancisco, Calif. 
(From the National Cancer Institute, 
National Institutes of Health, U. S. Public 
Health Service and the University of 
California Medical School.) 

Over many months studies on patients with- 
out therapy have shown cyclic increases in 
coproporphyrin urinary excretion. Patients with 
various neoplastic diseases treated with nitrogen 
mustard have shown a pronounced coproporphy- 
rinuria within one to three days after intravenous 
administration of methyl-bis(beta chloroethyl) 
amine. While the mechanism of coproporphyrin 
excretion was exhausted by repeated frequent 
doses of nitrogen mustard in one case, there 
appeared to be a stoechiometric relationship 
in some patients so that increased dosage of 
nitrogen mustard caused an increased copropor- 
phyrin excretion within the ranges of 0.1 to 
0.6 mg. per kg. body weight. 

Mechanism Involved in the Failure to 
Raise the White Blood Count \vith 
Transfused Leukocytes. Austin S. Weis- 
berger, M.D., Robert W. Heinle, M.D. and 
Richard Hannah, M.D. {by invitation) 
Cleveland, Ohio. (From the Department of 
Medicine, Western Reserve University 
School of Medicine.) 

Failure of blood transfusions to raise the 
leukocyte count is a common clinical observa- 
tion. This was studied by transfusing concen- 
centrated suspensions of leukocytes and products 
of disintegrated leukocytes into rabbits. Leuko- 
cyte suspensions were obtained from the peri- 
toneal cavity after distention with physiologic 
saline. These were concentrated by centrifuga- 
tion, resuspended in Tyrode’s solution and 
transfused into the veins or arteries of the same 
(autotransfusion) or other (heterotransfusion) 
rabbits. Leukocytes were disintegrated with su- 
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personic vibration, the material centrifuged and 
the supernatant fluid administered intravenously. 

Auto transfusion of leukocytes resulted in 
sudden, profound leukopenia in fourteen of 
sixteen rabbits, the average time of onset was 
2.8 minutes, average duration 2.2 hours and 
average decrease in leukocytes 69.3 per cent. 
Initial leukocytosis never occurred but in nine 
rabbits subsequent signiflcant leukocytosis de- 
veloped after an average of 4.3 hours. 

Heterotransfusion of leukocytes in seventeen 
rabbits and administration of cell-free aqueous 
extracts of disintegrated leukocytes to ten rabbits 
resulted in a sudden profound leukopenia in 
every instance similar in all details to the results 
just described. Subsequent leukocytosis occur- 
red in more than one-half of the animals. 

Leukopenia was associated with the appear- 
ance of large numbers of cells in the lungs. This 
was conclusively demonstrated by using leuko- 
cytes labeled with radioactive phosphorus. 
Removal of cells previously circulating and the 
occurrence of leukopenia after administration 
of particle-free extracts indicate that this is more 
than simple filtration of foreign particles. It is 
evident that leukocytes contain a substance(s) 
capable of affecting the number of circulating 
cells. Preliminary e.\periments indicate that 
thromboplastin and histamine are not responsi- 
ble for the effects observ'cd. 

Acquired Hemolytic Anemia; Relation 
OF Amount of Erythrocyte Antibody 
TO Activity of the Disease. Robert S. 
Evans, M.D. San Francisco, Calif. (From 
the Department of Medicine, Stanford 
University School of Medicine.) 

An antibody-like agent can be demonstrated 
on erythrocytes of patients with acquired hemo- 
lytic anemia with the Coombs reagent (anti- 
human globulin rabbit serum), but the observa- 
tion that abnormal sensitization persists during 
complete remissions throws doubt on the im- 
portance of the antibody as a primary cause of 
the disease. However, studies in eleven patients 
with acquired hemolytic anemia indicate a 
direct correlation between the amount of anti- 
body on the erythrocyte and activity of the 
disease. The adsorbed antibody is assayed by 
the susceptibility of the washed erythrocytes to 
agglutination in serial dilutions of a standard 
Coombs reagent. It can be showm by analogy 
with the Rh hyperimmune antibody that the 


concentration of Coombs reagent necessary to 
produce agglutination is inversely proportional 
to the amount of antibody on the cell surface. 

The erythrocytes of patients with acquired 
hemolytic anemia have been agglutinated by 
dilutions of the Coombs reagent varying from 
1 to 2 to 1 to 1,280. The cells of eight patients 
with active disease before or after splenectomy 
w'ere agglutinated by high dilutions (1 to 80 to 
1 to 1,280) ivhereas the red cells of seven pa- 
tients in remission following splenectomy (five) 
or spontaneous (two) with normal pigment 
excretion were agglutinated only in dilutions of 
1 to 2 to 1 to 80. Two patients studied before 
and after splenectomy exhibited a sharp reduc- 
tion in the amount of adsorbed antibody associ- 
ated with cessation of rapid hemolysis. Spon- 
taneous remission in two patients was observed 
to follow more gradual reduction of the amount 
of antibody on the cell surface. 

The data suggest that a critical coiicentration 
of antibody on the cell is necessary to produce 
accelerated destruction and that subcritical 
sensitization is compatible with normal longevity 
of erythrocytes as measured by normal pigment 
excretion. Splenectomy, when it is effective, 
acts by reducing the amount of antibody below 
the critical level, probably by removal of a 
certain proportion of the antibody-producing 
tissue. 

Clinical and Metabolic Effects of 
Different Nutrients in Patients with 
Cirrhosis. Gordon R. Moiey, M.D. {by 
invitation), Camen R. Paynter, M.D. {by 
invitation), C. Frank Consolazio, M.D. 
{by invitation), Mary A. Maloney, M.D. {by 
invitation), Louis J. Vorhaus, M.D. {by in- 
vitation), Mildred Breimyer {by invitation) 
and Robert M. Kark, M.D. Chicago, III. 

Clinical and metabolic observations w'ere 
made to compare four different types of medical 
therapy in each of four patients with cirrhosis. 
The control regimen included a fixed daily 
intake of calories (twice basal requirement); 
protein (2.5 Gm./Kg. body weight); fat (30 per 
cent of total calories); carbohydrate (total 
calories less calories from protein and fat); salt 
(0.9 Gm. NaCl) and water (2.5 L.). The 126-day 
study consisted of seven consecutive eighteen- 
day metabolic periods. Throughout this time 
the patients consumed the control diet which 
was supplemented daily as follows during the 
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second, fourth and sixth eighteen-day periods: 
(1) 120 Gm. of salt-poor, 10 per cent amino acid 
solution, given intravenously; (2) choline, 
cystine, methionine and B complex vitamins 
given orally and liver extract given intraven- 
ously; (3) salt-poor human serum albumin given 
intravenously plus the nutrients mentioned in 
the second category. 

The health of all patients improved during 
the study, as manifested by weight gain without 
fluid retention, decrease in number and size of 
vascular spiders, reduction in ascites and edema 
and in two patients by diminution of the liver 
size. The only significant change among seven 
serial liver function tests was in serum cho- 
linesterase activity which correlated closely with 
clinical variations. 

Positive nitrogen balances were observed in 
all patients throughout the study but were 
greatest during therapy \\ ith intravenous amino 
acids and with human serum albumin. The 
urinary excretion of calcium increased during 
the periods of (1) amino acid therapy and (2) 
supplementation by lipotropic substances, vita- 
mins and parenteral liver. When sulfaguanidine 
was given for one day to three patients ^^ith 
diarrhea, a transient sharp rise in urinary 
calcium excretion was observed, with an in- 
crease in one patient up to 1 Gm. per day from 
a previous value of 0.45 Gm. 

Pathologic and Functional Changes in 
THE Liver Following Upper Abdominal 
Operations. Norman ^amcheck, M.D., 
Thomas C. Chalmers, M.D. and Charles S. 
Davidson, M.D. Boston, Mass. (From the 
Thorndike Memorial Laboratory, Second 
and Fourth Medical Services (Harvard), 
Boston City Hospital, and the Depart- 
ment of Medicine, Harvard Medical 
School.) 

The effects of major surgery on the liver were 
studied in fifteen patients before and after 
sixteen operations, including twelve subtotal 
gastrectomies, three cholecystectomies and one 
exploratory laparotomy. Serial liver function 
tests, including bromsulphalein retention (twelve 
patients), serum bilirubin concentration (six 
patients) and thymol turbidity and flocculation 
(six patients) were performed before and after 
operation. Specimens of the liver were obtained 
by biopsy from six patients immediately after 
the abdomen was opened. In fifteen patients, 
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including these six, tissue was obtained at the 
completion of the operation just before the 
abdomen was closed. 

The tissue obtained at the end of the opera- 
tion in every patient showed pathologic evidence 
of aeute inflammation of the liver. The lesions 
were primarily of three types: (1) capsular and 
subcapsular inflammation; (2) focal collection 
of neutrophilic polymorphonuclear cells dis- 
tributed largely around the central vein of the 
lobule, the portal area being spared in most 
instances; (3) necrosis of liver cells. In none of 
the control biopsies obtained at the beginning 
of the operation were these pathologic changes 
found. The bromsulphalein retention increased 
in every instance postoperatively and remained 
elevated for a variable number of days. Serum 
bilirubin was increased to above normal in 
three patients postoperatively. No significant 
change in thymol turbidity or flocculation 
occurred. 

It is concluded that performance of these 
major surgical procedures upon the upper ab- 
domen was followed by morphologic and func- 
tional evidence of liver impairment. The 
changes observed appeared to be directly 
related to the operations rather than to coexist- 
ent lesions of the stomach or gallbladder. 

Studies in Protein Metabolism with the 
Aid of S®“-Labeled-Methionine. Laur- 
ance JV. Kinsell, M.D., Sheldon Margen, 
M.D., Harold Tarver, M.D., Jidie AicB. 
Frantz, M.D., Erin K. Flannagan, M.D., 
Vernon T. Thompson, U.S.N. and Robert V. 
Deal, U.S.N. San Francisco, Calif. (From 
the Division of Medicine, University of 
California Medical School, the Metabolic 
Research Unit, U. S. Naval Hospital- 
University of California, Division of Bio- 
chemistry, University of California, and 
the Department of Chemistry, Mills 
College.) 

S^Mabeled-methionine has been administered 
to normal males and to patients with (1) chronic 
liver damage, (2) idiopathic hypoproteinemia 
and (3) Cushing’s syndrome. Incorporation of 
the labeled material in plasma protein, as w'ell 
as its excretion in urine and stool, have been 
quantitated. 

From these studies it has been found that 
incorporation of the in plasma protein goes 
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on more slowly with chronic liver damage than 
in the normal controls, that its rate of disap- 
pearance from plasma protein occurs about at 
the same rate as in normal individuals and that 
the of urinary sulfate is in accord with these 
findings. In the patient with idiopathic hypo- 
proteinemia the initial rate of incorporation in 
plasma protein occurs much more rapidly than 
in the normal control, after which the rate of 
disappearance from plasma protein occurs pro- 
portionately even more rapidly, with the result 
that within three weeks this patient is in a net 
deficit as compared to the control. Again the 
content of urinary sulfate is in agreement 
with these findings. In the patient with Cush- 
ing’s syndrome (\vho ^vas studied only over a 
three-day period immediately preceding re- 
moval of an adrenocortical tumor) the initial 
rate of incorporation of the S®® in plasma protein 
was significantly more rapid than in the normal 
control. 

From these data one may conclude that S®®- 
labeled-methionine is a valuable tool for quanti- 
tation of protein anabolism and catabolism. 

A Method of Evaluating Tissue Protein 
Stores. John E. Harroun, M.D., Stanley 
Levey, Ph.D. and Charley J. Smyth, M.D. 
Eloise, Mich. (From the Wayne County 
General Hospital.) 

Total circulating proteins and fractions were 
determined before and thirty minutes after 
infusion of 1 L. of physiologic saline (at a rate 
of approximately 20 ml. per minute). Total 
circulating hemoglobin was determined in 
several cases. Plasma volumes were measured 
before and after the infusion using the dye 
method (T-1824). Sixteen patients, varying in 
nutritional status from normal to severe mal- 
nutrition, ^vere studied. After the initial ob- 
servations four malnourished subjects were 
placed upon a high caloric (3,000 to 4,500), 
high protein (2.5 to 5.0 Gm./Kg./day) diet 
and studied through the transition from under- 
nutrition to the normal nutritional state. 
Clinical criteria as to weight gain, subjective 
symptoms and reversal of abnormal liver func- 
tion tests were used as guides to the re-establish- 
ment of normal nutrition. 

The response to the infusion exhibited by 
patients in normal nutrition was constant and 
was characterized by an increase in plasma 
volume of about 400 ml., an increase in total 


circulating protein of approximately 10 Gm. 
per square meter body surface and an increase 
in total circulating hemoglobin in those pa- 
tients in w'hom this determination was made. 
The response exhibited by the malnourished 
patients also was constant but differed from 
the normal in that the plasma volume increased 
about 260 ml., whereas the total circulating 
protein decreased 10 or more Gm. per square 
meter of body surface. Total circulating albumin, 
although not constant in either group, tended 
to be increased in the presence of normal nutri- 
tion and tended to be decreased in undernutri- 
tion. 

The pattern exhibited by subjects with normal 
nutrition is interpreted as evidence of adequate 
labile tissue protein stores. Failure of total circu- 
lating proteins to increase after infusion in the 
malnourished subjects is interpreted as a mani- 
festation of depleted tissue protein stores. That 
this is the probable mechanism is strengthened 
by a demonstration of reversal of response from 
that characterizing malnutrition to that of 
normal nutrition during the course of a high 
caloric, high protein diet in four patients so 
studied. 

Serial Biopsy Studies in Qrrhosis of the 
Liver. JV. D. Davis, Jr., M.D. New 
Orleans, La. (From the Ochsner Clinic.) 

Studies of the clinical course and response to 
therapy in twenty-nine patients with cirrhosis 
of the liver by means of serial liver biopsies as 
well as the usual laboratory procedures have 
resulted in reasonable agreement between 
microscopic and other laboratory' findings and 
the clinical courses of the patients. 

In ten patients with clinical manifestations of 
hepatic decompensation there was microscopic 
evidence of advanced fibrosis with varying 
degrees of hepatic cellular necrosis, fatty change, 
leukocytic infiltration and regeneration of the 
bile ducts. Of these the only patients ^vho made 
significant progress under therapy were num- 
bered among the five in whom there were defi- 
nite fatty changes in the liver. Explanation of 
this is believed to lie in the fact that hepatic 
cells, rendered temporarily useless by the 
presence of large amounts of fat, may regain 
their function quickly as the fat is mobilized 
and thus furnish a reservoir of hepatic function 
which may' be utilized by proper therapy. 
Disappearance of cellular infiltration and edema 
may contribute in small degree to this effect. 
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In the compensated group the presence or 
absence of fatty change seemed to meike little 
difference in the clinical progress which was 
uniformly good in the patients who followed the 
therapeutic regimen. These patients frequently 
improved despite use of low caloric diets with 
adequate proteins and vitamin supplements. In 
general they presented less severe degrees of 
fibrosis, cellular necrosis and regeneration of 
bile ducts than the decompensated group al- 
though there were in many instances leukocytic 
infiltration and fatty changes. 

Diminution in fat could be detected as soon 
as ten days after the institution of therapy. 
Cellular infiltration disappeared more slowly 
^vhereas in those patients who improved paren- 
chymal hepatic necrosis rapidly disappeared. 
Diminution in fibrosis was not evident. 

Methionine was considered of value particu- 
larly in three patients who exhibited rapid 
diminution in fatty infiltration of the hepatic 
cells despite a grossly inadequate caloric and 
protein intake during the period of observation. 
There was no evidence that methionine was of 
particular value in those patients who were 
able to maintain adequate oral alimentation. 

Evidence That Renal Sodium Excretion 
IS Controlled by Adrenal Cortical 
Activity and Ingested Sodium May 
Displace Intracellular Potassium in 
Normal Subjects. Alexander Leaf, M.D. 
and L. H. Newburgh, M.D. {Introduced by 
Sibley W. Hoobler, M.D.) Ann Arbor, Mich. 
(From the Department of Internal Medi- 
cine, The Medical School, University of 
Michigan.) 

The effects of great variation in sodium intake 
were studied in normal subjects maintained on 
fixed diets of adequate calories and protein with 
very low sodium and chloride content. At defi- 
nite periods additional sodium was adminis- 
tered either as the chloride or citrate. 

Salt restriction resulted in reduction in 
urinary sodium and chloride to minute amounts 
accompanied by increase in urinary' nitrogen, 
urea, uric acid, potassium and phosphorus. 
Administration of sodium chloride or citrate 
caused high urine sodium with decrease in 
urine uric acid, potassium, phosphorus, blood 
and urine urea and positive nitrogen balance. 
The drop in blood urea was not accounted for 
by alteration in glomerular filtration rate but 
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was explained by a decrease in the rate of 
protein catabolism. A strongly positive potas- 
sium balance occurred simultaneously with the 
high sodium excretion that could not be ac- 
counted for by decreased protein catabolism. 

All these changes are explained by alterations 
in adrenal cortical activity. The need to conserve 
body sodium was met by increased activity 
of the desoxycorticosterone-like hormone. An 
associated increase in protein-catabolic hormone 
activity was elicited also. Sodium administra- 
tion abolished the need to conserve sodium and 
thus depressed adrenal cortical activity. This 
not only allowed a large urinar}' sodium excre- 
tion but also gave evidence of a marked decrease 
in activity of protein-catabolic hormone. 

In all subjects sodium citrate administration 
initially caused a marked positive sodium 
balance. The degree of alkalosis was reduced by 
entry of large amounts of sodium into the cells 
with displacement of large amounts of potassium 
as evidenced by the strongly negative potassium 
balance. 

Cerebral Blood Flow in Vascular Dis- 
ease OF THE Brain, with Observations 
ON Effects of Stellate Ganglion Block 
AND Nicotinic Acid. Peritz Scheinberg, 
M.D. {Introduced by E. C. Kunkle, M.D.) 
Durham, N. C. (From the Department 
of Medicine, Duke University School 
of Medicine.) 

Since the nitrous oxide method for cerebral 
blood flow, devised by Kety and Schmidt, 
measures blood flow per unit weight of brain, 
normal values are obtained regardless of varia- 
tions in brain size as long as cell function is 
normal. If the arterial inflow to the normal 
brain is reduced without affecting cellular func- 
tion, the arteriovenous O2 difference widens 
and O2 consumption is normal. If cellular 
metabolism is decreased, arteriovenous Oz 
difference is narrowed and O2 consumption 
lowered. 

This technic, modified by drawing continuous 
samples of arterial and internal jugular venous 
blood rather than five separate arterial and 
venous samples, was used to determine cerebral 
blood flow in fifteen patients. All patients had 
hypertensive vascular disease except one who 
had mitral stenosis with repeated cerebral 
embolisms. The subjects fell into two groups: 
( 1 ) those with changes in their mental status 
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and (2) those without alteration in their mental 
status but who had papilledema and retino- 
pathy from hypertension. 

The patients in the first group showed reduc- 
tions in cerebral blood flow and only slight 
increases in arteriovenous O 2 difference, with 
resulting lowered O 2 consumption. Normal 
values were obtained in the second group. The 
decreased cerebral blood flow in the first group 
probably resulted from increased resistance 
offered by diseased cerebral vessels. The de- 
creased O 2 consumption cannot be explained 
by the reduced blood flow alone because other 
studies show that a chronic reduction in cerebral 
blood flow can be completely compensated by 
widened arteriovenous O 2 difference. The de- 
creased O 2 consumption is therefore indicative 
of cellular dysfunction produced by varying 
degrees of ischemia. 

Unilateral procaine stellate blocks were done 
on sixteen subjects, including normals and 
patients with cerebral vascular disease. The 
blocks caused no significant changes in cerebral 
blood flow, O 2 utilization or cerebrovascular 
resistance. 

Intravenous nicotinic acid in patients with 
vascular disease likewise produced no change. 

Considerations of Renal, Hepatic and 
Extremital Arteriovenous Differences 
IN Concentration of Radiomercury of 
A Mercurial Diuretic. Pervis Milnor, 
M.D., George Burch, M.D., Thorpe Ray, 
M.D., Sam Threefoot, M.D. and Gerald 
Berenson, M.D. New Orleans, La. (From the 
Department of Medicine, Tulane Uni- 
versity School of Medicine and Charity 
Hospital of Louisiana.) 

Certain aspects of the pharmacodynamics of 
the mercury in a mercurial diuretic labeled 
with radiomercury have been studied in seven 
subjects; in five patients renal venous cathe- 
terization was performed and in the other two 
hepatic venous catheterization. Four subjects 
were normal, two had chronic congestive heart 
failure and one had only a right kidney. Samples 
of arterial blood, extremital and renal or hepatic 
venous blood, as well as samples of urine ob- 
tained by ureteral or vesical catheterization 
were collected simultaneously. 

In general, differences in the arteriorenal 
venous concentration varied from 5 to 25 per 
cent, with considerable fluctuation during the 


initial ten minutes. Thereafter there was a 
slight but steady decrease in these differences, 
during which time they were directly propor- 
tional to the arterial concentration of the tracer. 
Differences in concentration between arterial 
and extremital venous blood were greater than 
those between either arterial and renal or 
arterial and hepatic venous blood during the 
initial five minutes after injection. After ten 
or twenty minutes no constant differences 
existed beUveen arterial and extremital venous 
concentrations. A difference of about 10 per 
cent in arteriohepatic venous concentration oc- 
curred in one normal subject; no constant dif- 
ference could be detected in the patient with 
severe chronic congestive heart failure. 

The peak of urinary excretion occurred ten 
to twenty minutes later than the peak of the 
arteriovenous differences. Urinary excretion 
varied independently of percentage renal ex- 
traction or arterial concentration. Urinary con- 
centration of radiomercury and rate of urinary 
flow varied discordantly, but each of these 
functions for two kidneys of the same subjects 
varied concordantly. 

The data indicate a retention of mercury by 
the kidney, at least during the initial twenty to 
thirty minutes. An early antidiuretic effect of 
mercury was noted. 

Electrocardiographic Control of Coro- 
nary Venous Catheterization in Dogs 
AND Man, and Simultaneous Measure- 
ment OF Coronary Blood Flow, Car- 
diac Work and Efficiency. Walter T. 
Goodale, M.D., Harold D. Levine, M.D., 
Richard J. Bing, M.D. and Donald B. 
Hackel, M.D. (From the Departments of 
Medicine, Harvard Medical School and 
Peter Bent Brigham Hospital, Boston, 
Mass., the Physiology Section, Medical 
Division, Army Chemical Center, Md. 
and the Department of Surgery, Johns 
Hopkins University and Hospital, Balti- 
more, Md.) 

Coronary venous catheterization has proven 
feasible under fluoroscopic visualization in eight 
of eleven recent attempts in man and in 98 per 
cent of one hundred dogs. Alternate postero- 
anterior and right anterior oblique views pro- 
vided the stereoscopic effect necessary to identify 
pertinent landmarks associated with the coron- 
ary sinus and cardiac veins. With a specially 
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designed catheter, blood was easily withdrawn 
from coronary veins without evidence of signifi- 
cantly obstructing coronary venous return. 
Withdrawal of very dark desaturated blood and 
observance of mean pressures only 2.3 mm. 
higher than right auricular pressure with a 
characteristic pressure pattern helped to confirm 
successful insertion. Final confirmation and 
more precise localization of the catheter tip was 
obtained from the electrocardiographic com- 
plexes obtained from a catheter tip lead, com- 
pared with a simultaneous limb lead. Complexes 
were obtained in the great cardiac vein, coron- 
ary sinus, posterior left ventricular vein and 
middle cardiac vein ^vhich were characteristic 
of each location, and were readily distinguish- 
able from tracings with the tip in the right 
auricle or ventricle. 

Adaptation of the cerebral flow method of 
Kety and Schmidt has permitted calculation of 
coronary blood flow simultaneously with coron- 
ary arteriovenous oxygen difference and cardiac 
work measured from the product of cardiac 
output and systemic blood pressure. Left 
ventricular efficiency in man, calculated from 
these observations in five normal patients, was 
1 7 per cent (0 = ± 7 %) . Duplicate or triplicate 
normal coronary blood flows showed a maxi- 
mum spread of 18 per cent and a mean value 
of 87 cc./lOO Gm. of left ventricle/min. Myo- 
cardial oxygen consumption was 11 to 21 
cc./lOO/Gm./min., relatively constant in each 
subject. 

Coronary venous catheterization appeared 
innocuous and less hazardous than catheteriza- 
tion of the right ventricle or pulmonary artery. 

Relationship of Quinidine Blood Levels 
TO Therapy of Cardiac Arrhythmias. 
Maurice Sokolow, M.D. and Archie L. Edgar, 
M.D. San Francisco, Calif. (From the Medi- 
cal School, University of California.) 

The quantitative aspects of quinidine therapy 
were investigated by determining multiple 
blood and urine concentrations (using the 
photofluorometric extraction method of Brodie, 
as modified by Lilienthal) during conversion of 
auricular fibrillation and flutter to sinus rhythm. 
The inverse relationship between rising blood 
levels and falling auricular rates found during 
therapy indicated the relationship between 
blood quinidine levels and the cardiac effects 
of the drug. Sinus rhythm was re-established in 
twenty-four of twenty-eight therapeutic at- 
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tempts (85 per cent conversion). The average 
peak blood level at the time of conversion was 
6.3 mg./L. Seventy-five per cent of the patients 
were converted with levels between 4 and 8 mg./ 
L. In only three patients was the level required 
for conversion less than 4 mg./L. The amount 
of quinidine required for conversion (resulting 
in peak levels greater than 4 mg./L.) was 
usually 0.4 or 0.6 Gm. given every two hours 
for five doses. In the four patients who failed to 
convert levels of between 7 and 13.7 mg./L. 
were obtained. The maximum concentration 
following a given dose of quinidine was reached 
in two to three hours and by four hours the 
blood level had begun to fall. The increment in 
blood level obtained by successive identical 
doses became progressively smaller so after 
four or five doses to increase further the blood 
level larger individual doses were required. 
The rapidity of the rise of blood quinidine was 
much greater when a two-hour schedule was 
used as compared to a four-hour schedule. 

There were eight relapses with four recon- 
versions. Reconversion in the other four was not 
attempted. Maintenance dose schedules ranged 
from 0.2 Gm. three times a day to 0.4 Gm. six 
times a day. Inadequate mid-day peaks were 
obtained with less than 0.4 Gm. three times a 
day; therefore, adequate maintenance doses of 
quinidine should probably be at least 0.4 Gm. 
four times a day. 

The data presented emphasize a more rational 
method of quinidine therapy for both conversion 
of arrhythmias and for maintenance of sinus 
rhythm. 

Effect of Abdominal Compression on 
Chloride Excretion following Ad- 
ministration OF Hypertonic Saline 
Solution. W. H. Cargill, M.D., W. B. 
Fackler, M.D., R. L. McWhorter, Jr., 
M.D. and J. V. Warren, M.D. Atlanta, Ga. 
(From the Departments of Physiology 
and Medicine, Emory University School 
of Medicine and the Medical Service, 
Lawson VA Hospital.) 

It is generally agreed that edema formation in 
congestive heart failure is associated with a 
reduction of renal blood flow and glomerular 
filtration rate. Whether salt retention is due to 
these changes alone or to extrarenal factors has 
been the subject of much controversy. The 
present studies have been undertaken in an 
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attempt to elucidate further the mechanisms of 
the altered salt excretion in congestive failure. 

The renal blood flow, glomerular filtration 
rate and chloride excretion have been studied 
before and after rapid intravenous administra- 
tion of 250 cc. of 4 per cent saline solution in a 
group of ten subjects. In addition to studies in 
the basal state observations ^vere made during 
a period of increased abdominal pressure pro- 
duced by an abdominal binder inflated to a 
pressure of 80 to 100 mm. Hg. In normal sub- 
jects without abdominal compression the saline 
solution produced an immediate increase in the 
chloride excretion. With the abdominal binder 
inflated, however, there was no increase in 
chloride excretion following the saline injection. 
The saline injection in itself did not significantly 
alter the renal blood flow or glomerular filtra- 
tion rate, but abdominal compression usually 
resulted in a considerable diminution in blood 
flo\v and filtration rate. Increased abdominal 
pressure alone produced a fall in the basal rate 
of chloride excretion. Results similar to those in 
normal subjects were obtained in a patient with 
diabetes insipidus indicating that activity of the 
posterior lobe of the pituitary gland was not 
responsible for these changes. 

These experiments demonstrate that in- 
creased intra-abdominal pressure results in a 
failure normally to e.\crete injected sodium 
chloride solution. The situation so produced is 
in many ways similar to that seen in congestive 
heart failure. 

Use of Oxygen Consumption during 
Exercise as a Quantitative Measure 
OF Cardiac Reserve. Kenneth Chesky, 
M.D. and Herbert S. Sise, M.D. Boston, 
Mass. (From the First and Third Medical 
Services, Boston City Hospital and the 
Department of Medicine, Tufts Medical 
School.) 

The purpose of this study was to devise a 
simple test as a quantitative measure of cardiac 
function based on oxygen consumption during 
exercise. It was found that normal subjects 
increase the oxygen consumption in linear 
fashion with increasing increments of exercise 
while cardiac patients showed either (1) a low 
fixed or “maximal” oxygen consumption during 
increasing increments of exercise, (2) oxygen 
consumptions ^vhich were subnormal for work 
loads of moderate intensity but which were not 


fixed, (3) oxygen consumptions Avhich resembled 
normal individuals. 

The patients were exercised on a bicycle erg- 
ometer at three speeds with a standard brake ten- 
sion. Oxygen consumptions were determined Mth 
a standard Benedict- Roth basal metabolism 
machine. The slope of the tracing was checked 
by two maximal inspiratory efforts before and 
after the second minute of exercise. Normals for 
these grades of exercise consisted of 346 + 57, 
564 + 77 and 690 + 81 cc of oxygen per square 
meter of body surface. It was found that the 
clinical degree of incapacity of thirty-Dvo pa- 
tients corresponded ^s'ell with the degree of 
limitation of oxygen consumed during either 
the greatest of the three exercises or the greatest 
exercise that the patient could tolerate. Most 
ambulatory cardiacs, with the exception of 
patients with severe mitral stenosis, could toler- 
ate all three degrees of exercise. In three patients 
with myocardial disease the oxygen consump- 
tion for a given grade of exercise was increased 
from 360 to 467, 387 to 517 and 477 to 622 cc./ 
minutes/square meter of body surface thirty 
minutes after administration of 1.6 mg. of 
cedilanid intravenously. One case of unsus- 
pected failure was picked up by this test and 
the response to digitalis. In t\vo patients with 
mitral stenosis the oxygen consumption %vith 
the given degrees of exercise fell from 595 to 
546 in one, and insignificantly in another from 
700 to 690 cc. /minutes/square meter of body 
surface thirty minutes after cedilanid. With- 
drawal of digitalis has been associated with a 
fall in maximum oxygen consumption of 467 to 
315 cc. /minutes/square meter of body surface 
in a patient ^vith hypertensive disease. There 
was no change in a patient with valvular disease 
upon withdrawal of digitalis. 

In the experience of the authors this is a 
valuable and simple clinical test of cardiac 
function. 

Hemodynamic Effects of HYPOTENsms 
Agents in Man. Edward D. Fries, M.D., 
Joseph R. Stanton, M.D., Julius Litter, 
M.D., James JV. Culbertson, M.D., Meyer 
H. Halper.in, M.D., F. Corbin Moister, 
M.D. and Robert W. Wilkins, M.D. Boston, 
Mass. 

In order to clarify the mode of action of drugs 
used in the treatment of essential hypertension 
the hemodynamic effects of four drugs, each 
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representative of a class of hypotensive agents, 
were studied : sodium nitrite (direct-acting peri- 
pheral vasodilator), dihydroergocornine (sympa- 
tholytic agent), sodium amytal (sedative) and 
veratrum viride (reflex, neurogenic vasodilator). 
These were compared as to their effects on 
cardiac output (Pick), mean arterial pressure, 
total peripheral resistance, muscle and hepatic- 
portal blood flows, renal clearances and sympa- 
thetic vasopressor reflexes in man. 

Drugs which influence central nervous system 
vascular centers (veratrum, dihydroergocornine) 
lowered total peripheral resistance without 
reduction in cardiac output or compensatory 
tachycardia. Peripheral vasodilators (sodium 
nitrite) lowered both cardiac output and pul- 
monary arterial pressure with compensatory 
tachycardia. The response to amytal was vari- 
able and in subhypnotic doses the drug was 
seldom hypotensive. Following all drugs the 
muscles usually exhibited greater vasodilatation 
than the hepatic-portal area while the renal 
vasculature manifested an autonomy of tone 
characterized by an initial reduction in BF and 
GFR followed by a quick return to control 
values regardless of continuing hypotension. 
Dihydroergocornine and other sympatholytic 
agents inhibited vasoconstrictor reflexes but 
exhibited variable hypotensive responses where- 
as veratrum, which also acts through the nervous 
system, did not inhibit sympathetic vasocon- 
strictor nerves but produced hypotension more 
uniformly. 

These results suggest that follo^ving hypo- 
tensive drugs (1) the autonomy of the kidney 
vasculature prevents prolonged alteration of 
renal hemodynamics, (2) vasodilatation occurs 
^vith greater frequency in muscles than in the 
hepatic-portal area. Following drugs ^vhich act 
through central nervous system vascular centers 
an integrated hypotensive response occurs. In 
addition the studies with veratrum suggest that 
nerves other than sympathetic vasoconstrictors 
should be considered in regard to the neuro- 
genic regulation of arterial pressure. 

Relationship between Serum Anti- 
diuretic Substances and Urinary Cor- 
ticosteroid IN THE Human. Charles W. 
Lloyd, M.D. and Jidia Lobotsky, M.S. 
Syracuse, N. T. (From the Syracuse Uni- 
versity College of Medicine.) 

A relationship between adrenal cortical 
steroids and the posterior pituitary anti- 
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diuretic hormone has been postulated (Silvette 
and Britten). Birnie, Eversole and Gaunt have 
I'ecently devised a method for measuring in rat 
serum antidiuretic substances which may be of 
posterior pituitary origin. In our laboratory the 
method of Daughaday, Jaffe and Williams for 
estimation of freely water-soluble adrenal corti- 
cal steroids has been modified to permit meas- 
urement of poorly water-soluble steroids. A 
study of the relationship in the human between 
serum antidiuretic activity, urinary cortico- 
steroid, volume and chloride has been made. 

Blood for assay of antidiuretic activity was 
dra\vn at the completion of a twenty-four-hour 
urine collection period. Measurements of the 
twenty-four-hour corticosteroid and chloride 
excretion were made. A relative increase of the 
antidiuretic substance in the ratio 

serum antidiuretic substance 
urinary corticosteroid 

is associated with water retention and a relative 
increase of the urinary corticosteroid is associ- 
ated with diuresis. During the crisis in Addison’s 
disease a preponderance of antidiuretic activity 
with low corticosteroid excretion is found. The 
increase in corticosteroid excretion following 
treatment with desoxycorticosterone is associ- 
ated with a decrease in serum antidiuretic 
substance. In diabetes insipidus a relatively or 
absolutely low value of antidiuretic material is 
present. The cirrhotic who retains water has a 
preponderance of antidiuretic activity; when 
diuresis occurs, the corticosteroid level may be 
very high and the serum may contain no anti- 
diuretic material. In premenstrual water reten- 
tion a preponderance of antidiuretic activity is 
found. 

Adrenocortical Hyperactivity in Acro- 
MEG.ALY WITH SEVERE DiABETES: HOR- 
MONAL AND Clinical REmssioN after 
Treatment. William H. Daughaday, M.D. 
and Cyril M. MacBryde, M.D. St. Louis, 
Mo. (From the Department of Internal 
Medicine of Washington University Med- 
ical School.) 

Clinical, biochemical and hormonal studies 
have been made on a male patient, aged thirty- 
eight, with acromegaly associated with severe 
diabetes and insulin resistance. When first 
obser\"ed, only impaired glucose tolerance with- 
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out clinical diabetes was present. Severe diabetes 
appeared six months later tvith great suddenness. 
Control of the diabetes required a daily dose of 
insulin from 250 to 500 units over a period of 
about one year. He ts'as treated with irradiation 
to the pituitary", stilbestrol and later methyl 
testosterone. i\Trile receiving methyl testosterone 
a remission occurred so that glycosuria became 
minimal even without insulin treatment. 

We have attempted to elucidate the mech- 
anism of insulin resistance in this patient by 
biochemical and hormonal studies. During the 
phase of sev'ere diabetes there was severe lipemia 
and hypercholesterolemia. Upon subsidence of 
the diabetes the blood fats and cholesterol 
almost returned to normal. An attempt was 
made to demonstrate a factor in the patient’s 
serum inhibiting peripheral utilization of glu- 
cose. However, the patient’s serum did not 
inhibit the uptake of glucose by the isolated rat 
diaphragm. 

During the active period of diabetes there 
\vas an elevation in the excretion of urinary 
“cortin” as measured by the liberation of 
formaldehyde from steroid residues. Values 
obtained were 1.9, 3.5, 2.4, 4.8 mg. per day 
(normal, circa 0.75 to 2.0 mg.). Excretion of 
17-ketosteroids was a high normal with values 
from 16 to 36 mg. per day. Following clinical 
remission cortin excretion fell to 0.81, 0.85, 
1.1 mg. per day and the 17-ketosteroids were 
also reduced to 4.5, 4.7 and 5.4 mg. per day. 

The insulin resistance here described is 
probably hormonal in type and can he partly 
explained by adrenal cortical hyperfunction. An 
additional direct pituitary diabetogenic factor 
was not demonstrated but is presumed also to 
have been actwe. 

Experimental E\tdence on the Mecha- 
nism OF Di.abetic Ketosis. Lawrence E. 
Hinkle, Jr., M.Z)., George A. Conger, M.D. 
and Stewart Wolf, M.D. New York, N. T. 
(From the New York Hospital and the 
Departments of Medicine and Psychiatry 
of Cornell University Medical College.) 

In a study of twenty-five human subjects with 
diabetes mellitus approximately fifty instances 
of clinical ketosis Mere observed to occur in a 
setting of emotional conflict and in the absence 
of other pertinent factors including infection. 
Moreo%-er, day to day observation of these sub- 
jects both in and out of the hospital yielded a 


close correlation between life situations, emo- 
tion and the metabolic state as reflected by 
glycosuria, ketonuria, insulin requirement and 
the symptoms of diabetes. 

In an experimental study of nine of the 
subjects quantitative measurements of blood 
ketone and glucose concentrations and con- 
comitant determination of urine volume and 
glucose were made before, during and after an 
interview in which intense emotional conflict 
was engendered. Ages of the patients varied 
from fourteen to sixty years and insulin require- 
ments from 0 to 100 units per day. The chemical 
determinations were made on either peripheral 
venous blood or on blood M'ithdrawn directly 
from a catheter introduced into the hepatic 
vein. In all cases a significant elevation of blood 
ketones, as %\’ell as a marked increase in the urine 
volume and rate of urinary glucose excretion, 
occurred during the traumatic interview. In 
the most severe diabetics the rapidity' and 
degree of the increase in blood ketones and 
urine sugar was greatest, but nevertheless a 
marked degree of ketosis tvas produced in one 
of the mildest diabetics when the traumatic 
conflict situation was prolonged. The level of 
the blood glucose also fluctuated significandy 
and tvas usually lower at the end than at the 
beginning of the e.xperimental period. 

Thus significant emotional conflict has been 
shown to be associated ivith a rise in the blood 
ketone level and a simultaneous ‘Svashing out” 
of glucose through diuresis. The evidence indi- 
cates that such a mechanism is commonly 
involved in the decompensation of diabetes 
and the production of clinical ketosis. 

Effect of Administration of Potassium 
Based on Study of the Human Subject 
and the Dog. Samuel Bellet, M.D., 
William A. Steiger, M.D., P. C. Gazes, M.D. 
and Carl S. Nadler, M.D. Philadelphia, Pa. 
(From the Divisions of Cardiology and 
Chemistry, Philadelphia General Hos- 
pital and the Robinette Foundation, 
University of Pennsylvania.) 

Potassium is frequently administered to 
patients who have varying degrees of hypopo- 
tassemia. The problem of determining the 
maximum therapeutic and early toxic action 
is of considerable importance. Its chemical esti- 
mation, M'hile highly desirable, is not ahvays 
available initially or during the various phases 

AMERICAN JOURNAL OF MEDICINE 



American Federation for Clinical Research 


of its administration. This problem was studied 
during the intravenous injection of 200 to 
1,500 cc. of an isotonic solution of potassium 
chloride over a period of one to six hours in 
sixty human subjects, the ages of whom ranged 
from twenty to eighty years, for the following 
indications; During the hypopotassemic phase 
following treatment of diabetic acidosis, follow'- 
ing fluid loss due to intestinal obstruction and 
other causes, inanition, diarrhea and other 
conditions. During administration of potassium 
these patients were studied clinically, by con- 
tinuous electrocardiographic tracings and fre- 
quent estimation of the serum levels of this 
electrolyte. The results of these studies have 
indicated that the electrocardiogram is valuable 
in following potassium effects and gives early 
evidence of its toxic action. The range of safety 
is apparently considerable. Since potassium 
produces its toxic effect chiefly on the heart and 
because this electrolyte is administered to 
patients with varying degrees of myocardial 
damage which could conceivably alter the 
toxic dose, a study was performed on normal 
dogs and dogs with myocardial infarction. The 
evidence of the initial and varying stages of its 
toxic effects were noted in the electrocardiogram 
and correlated with the level of the serum 
potassium. It was found that the tolerance of 
dogs with mild degrees of myocardial infarction 
did not vary much from the normal. In dogs 
with moderate to severe grades of myocardial 
infarction there was a definite diminution in 
tolerance to potassium. The determination of 
the initial toxic effect by serial electrocardio- 
grams taken during administration of potas- 
sium is of help in determining the dose to be 
given since the cardiac changes in this stage are 
reversible. 

Significance of Electrolyte Abnormal- 
ities IN Management of Anuria, Oli- 
guria AND Edema. Charles L. Fox, Jr., 
M.D. New York, N. T. (From the De- 
partment of Bacteriology, College of 
Physicians and Surgeons, Columbia 
University.) 

Anuria, oliguria and edema are associated 
with significant abnormalities in the electrolyte 
concentrations of both plasma and urine. When 
similar changes are produced experimentally in 
man and animals, marked impairment of 
renal function follows. 
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Observations were made in ten patients with 
anuria or oliguria resulting in rapid elevation 
of their blood urea nitrogen. Three patients had 
also developed edema and ascites. In all in- 
stances plasma sodium and bicarbonate were 
reduced and chlorides relatively elevated. In 
the urine the concentration of sodium was low 
and the chlorides exceeded the sodium; potas- 
sium was variable. 

Hypertonic (1 molar) sodium lactate or ace- 
tate was administered orally to six patients in 
sufficient amounts to adjust their plasma 
electrolytes toward normal. Plasma volume 
expanded as gauged by hematocrit measure- 
ments (presumably as water was ivithdrawn 
from cells previously subjected to the hypotonic 
extracellular fluid); repeated doses of sodium 
salts were required before the plasma sodium 
and bicarbonate reached normal. The urinary 
output increased gradually and diuresis with 
reduction in blood urea nitrogen occurred in 
these patients after the plasma sodium and 
bicarbonate had approached normal. Repeated 
measurements of distribution of radioactive 
sodium and changes in both body weight and 
edema were correlated with readjustment of the 
plasma to isotonicity and excretion of more 
water than sodium. 

The data indicate clearly that attainment of 
normal tonicity and volume of the plasma are 
of primary importance for restoration of renal 
function. 

Evaluation of Pancreatic Function by 
Means of Induced Hyper-amylasemia 
FOLLOWING Morphine and. Secretin. 
W. J. Snape, M.D., C. TV. TVirts, M.D. and 
M. H. Friedman, Ph.D. Philadelphia, Pa. 
(From the Departments of Medicine and 
Physiology, Jefferson Medical College and 
Hospital.) 

An attempt was made to evaluate pancreatic 
function by means of an injection of morphine 
and secretin in forty-four subjects, including 
twenty-five control patients, eight patients with 
cancer of the pancreas, six with pancreatitis and 
five with cancer of the stomach. A fasting blood 
sample ■was taken to determine the basal serum 
amylase; 10 to 15 mg. of morphine sulfate was 
given subcutaneously and 1 unit of secretin per 
Kg. was injected intravenously thirty minutes 
later. Blood samples were taken at fifteen, 
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thirty, sixty and ninety minutes thereafter for 
serum amylase determination. 

In the Uventy-five control patients the average 
basal value was 133.5 units; following an injec- 
tion of secretin the peak value occurred at the 
end of the thirty or sixty-minute interval, with 
an average value of 389.3 units. In the patients 
udth cancer of the pancreas pre- and post- 
stimulation and peak values were significantly 
lower than in the control patients. In 62.5 per 
cent of these patients amylase values were below 
the lowest obtained in the control patients before 
stimulation and after stimulation 50 to 75 per 
cent had values lower than the minimal control 
figure. In the other two pathologic groups there 
was little difference from the control subjects. 
In three of the six patients with pancreatitis, 
pain identical with the clinical attack was pro- 
duced following injection of secretin. 

Animal experimentation has shown that 
injection of secretin after obstruction of the 
pancreatic ducts results in a transitory rise of 
the serum enzymes of pancreatic origin. This 
phenomenon depends on the presence of 
actively secreting acinar tissue because elevation 
of the blood enzymes does not occur after the 
gland atrophies. We achieved obstruction of the 
pancreatic duct by means of morphine and 
stimulation of acinar activity by secretin. On 
the basis of the lower values obtained in pa- 
tients ^vith cancer of the pancreas we may 
assume there is a decrease in functioning acinar 
tissue and therefore believe this procedure may 
have diagnostic value. 

Action of Acetyl-beta-methylcholine 
Chloride (Mecholyl) on the Human 
Colon. Fred Kern, Jr., M.D., Frank K. 
Abbot, M.D. and Thomas P. Almy, M.D. 
Kew York, M. T. (From the Department 
of Medicine, New York Hospital and 
Cornell University Medical College.) 

In a physiologic study of patients with func- 
tional bowel disease two types of alteration in 
motility of the sigmoid were noted. Motility is 
increased in individuals with constipation and 
diminished in individuals Mth diarrhea. To 
elucidate the mechanism of these motility 
patterns we examined the effects of certain 
drugs influencing the autonomic ner\’’ous system. 
Mecholyl (acetyl-beta-methylcholine chloride), 
an agent ^vhich is known to produce diarrhea, 
was found by White and Jones to reproduce 


many of the symptoms and proctoscopic signs 
of mucous colitis. We studied this drug in- 
tensively by means of kymographic recordings 
of pressure changes in an in-lying sigmoid 
balloon or by continuous proctoscopic obsers'a- 
tions of the rectosigmoid. 

Mecholyl has been administered subcutane- 
ously in amounts ranging from 2.5 to 10.0 mg. 
to tsventy subjects. In fifteen of forty experi- 
ments marked diminution of wave-like motility 
in the sigmoid colon accompanied the usually 
observed effects of this drug. IV'hen these effects 
disappeared, the previous pattern of motility 
was resumed. In no instance did mecholyl 
produce augmentation of motility. INTien the 
rectosigmoid ■vvas obsen'ed proctoscopically in 
four normal subjects, mecholyl produced no 
significant changes in color or contractility. 
The aforementioned effects of mecholyl were 
blocked by atropine. In a patient uith a 
transverse colostomy motility tracings were 
obtained from the cecum, splenic flexure and 
sigmoid. Mecholyl caused a marked increase of 
cecal activity, moderate stimulation of the 
transverse colon and cessation of motility of 
the sigmoid. 

Thus mecholyl appears to stimulate the right 
colon and inhibit wave-like activity of the 
sigmoid, effects which enhance the evacuation 
of intestinal contents. It is inferred that the 
mechanism of emptying the bowel may be 
entirely a cholinergic phenomenon. It is of 
interest that most patients with functional diar- 
rhea or ulcerative colitis spontaneously exhibit 
a similar diminution of wave-like motility of 
the sigmoid. 

Use of Maxted’s Enzyme Method for 
Grouping Beta-hemolytic Strepto- 
cocci. Lewis W. Wannamaker, M.D., Floyd 
Denny, M.D., William R. Brink, M.D. and 
Edward Custer, M.D. {Introduced by C. H. 
Rammelkamp, M.D.) (From the Strepto- 
coccal Disease Laboratory, Fort Francis 
E. Warren, Wyoming and the Depart- 
ment of Preventive Medicine, Western 
Reserve University, Cleveland, Ohio.) 

During the course of a field study of strepto- 
coccal diseases at Ft. Francis E. IVarren, IVyo-, 
692 strains of beta-hemolytic streptococci were 
isolated, of which 551 strains were gro^\•n from 
the throats of hospitalized respiratory patients 
and the remaining 141 strains were obtaine 
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from routine cultures of normal soldiers. All 692 
strains were successfully lysed by Maxted’s 
enzyme which is produced by a strain of 
Streptomyces albus. A loopful of growth from 
a blood agar plate was inoculated into 0.25 cc. 
of the enzyme preparation and the mixture was 
placed in a water bath at 50°c. for two to 
twenty-four hours. After complete clearing had 
occurred the lysate was used as an antigen for 
grouping with rabbit antisera. Using the capil- 
lary tube technic, all 692 strains gave definite 
precipitin reactions with one of the more com- 
mon groups. 672 strains (97 per cent) were found 
to be group a, two ^vere group b, eleven were 
group c and seven were group g. Formamide 
extracts prepared by the method of Fuller were 
set up in parallel on the first 341 strains. In no 
case was there disagreement in the two methods. 
Groupings were checked on an additional 
seventy-nine strains by preparing hot acid 
extracts which were set up against group specific 
antisera. These results were also in complete 
agreement with those obtained by the enzyme 
method. It is suggested that Maxted’s enzyme 
offers an efficient, rapid method for identifying 
group A beta-hemolytic streptococci. 

Primary Suture of the Divided Trachea. 

Bernard Maisel, M.D. and James A. Ding- 
wall, M.D. New York, N. T. (From the 

Department of Surgery, New York Hos- 
pital and Cornell University Medical 
College.) 

Primary anastomosis of the cervical trachea 
following a cut throat injury was successfully 
carried out by one of us approximately two 
years ago. This was done without tracheotomy 
or drainage of the adjacent soft tissues. Stimu- 
lated by this an experimental study was under- 
taken in order to determine the physiologic 
processes of healing attendant on surgical repair 
of the trachea as representative of a cartilagi- 
nous organ. 

In this preliminary study a small series of 
dogs was used. In one group, after exposure of 
the trachea through a midline neck incision, 
the trachea was completely divided and then 
immediately sutured employing continuous 
everting mattress sutures. Leaks were tested by 
submerging the joined segments in saline. In a 
second series complete segments measuring up 
to cm. in length were removed and the 
continuity of the trachea was re-established as 
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described. These animals were then observed 
by endoscopic examination, and specimens were 
removed at intervals of from one to six weeks 
for microscopic study. In all instances healing 
occurred or successful, leak-proof union was 
maintained by what is recognized surgically as 
primary union. No leaks occurred giving rise to 
subcutaneous crepitus or infection, and adequate 
airways were maintained without any appreci- 
able stricture formation. 

Although few, there are reports in the litera- 
ture suggesting the feasibility of direct tracheal 
anastomosis. Recently Daniel gathered excel- 
lent evidence to show the remarkable autore- 
generative ability of tracheal tissue about 
temporary prostheses, and Longmire reported 
the repair of an old post-traumatic defect by 
the temporary use of a lucite tube to bridge a 
gap in the cervical trachea. We believe that 
primary anastomosis of the trachea and bronchi 
may be entirely feasible in humans not only in 
repairing traumatic injuries but in resections of 
pulmonary and esophageal lesions where in- 
vasion of the air tube would seem to limit 
operability. 

Effect of Aureomycin on the Survival 
OF Virus in Lymphogranulomatous 
Buboes. John TV. Runyan, M.D., Lisbeth M. 
Kraft, M.D. {by invitation) and Irving 
Gordon, M.D. Albany, N. T. (From the 
Department of Medicine, Albany Medi- 
cal College, and the Division of Labo- 
ratories and Research, New York State 
Department of Health.) 

Viruses of the lymphogranuloma venereum- 
psittacosis group frequently induce a carrier 
state. Since aureomycin has proved effective in 
the treatment of both clinical and experimental 
lymphogranuloma venereum, we \vished to 
learn whether the virus persists in buboes during 
clinical improvement. Two patients were stud- 
ied. Oral treatment with 24.5 and 19.5 Gm. of 
aureomycin for nine and ten days, respectively, 
resulted in high serum aureomycin levels and 
definite regression in the size of the buboes by 
the fourth day. Three weeks after treatment 
commenced the buboes had disappeared. 

To detect the virus, bubo aspirates were 
inoculated intracerebrally in mice and into the 
yolk sacs of embryonated hens’ eggs. The virus 
was isolated from each patient in the first five 
consecutive attempts; three times prior to 


SEPTEMBER, 1949 



American Federation for Clinical Research 


420 

therapy and on the first and second days of 
treatment. Attempts at isolation were unsuccess- 
ful on the fourth and seventh days of treatment. 

While the data do not permit decision as to 
whether subinfective quantities of virus still 
survived in the healed lymph nodes, the results 
indicate that infectivity does not persist for long 
following treatment. This is consonant with the 
rapid disappearance of the buboes. 

Clinical Experience with the 4-amino 
Derivatives of Pteroylglutamic Acid 
AND 2,6-diaminopurine in the Treat- 
ment OF Neoplastic Disease. J. H. 
Burchenal, M.D., D. A. Karnofsky, M.D., 
C. M. Souiham, M.D., W. P. L. Myers, 

M. D., L. F. Carver, M.D., H. W. Dargeon, 
Jr., M.D., C. P. Rhoads, M.D. New York, 

N. T. (From the Sloan-Kettering Institute 
and Memorial Hospital.) 

A total of eighty-two patients have been 
treated with various derivatives of pteroyl- 
glutamic acid characterized by the substitution 
of an amino group in the 4 position of the 
pteridine ring. Among these patients were 
thirty-four acute leukemias, fifteen chronic 
leukemias, ten lymphosarcomas, seven Hodg- 
kins’ disease, three osteogenic sarcomas, mo 
Ewing’s tumors, two neuroblastomas, two 
mycosis fungoides, two carcinomas of the lung 
and one each of the stomach and bladder, one 
fibrosarcoma, one multiple myeloma and one 
eosinophilic granuloma. 

With the 4-amino derivatives of pteroyl- 
glutamic acid, toxic symptoms of stomatitis, 
diarrhea, gastrointestinal bleeding and loss of 
hair were occasionally seen. With 2,6-diamino- 
purine the most troublesome toxic symptoms 
were severe nausea and vomiting which often 
made adequate dosage impossible. Both types 
of drugs when pushed to toxic levels caused 
leukopenia and definite depression of the bone 
marrow. 

Complete although temporary clinical remis- 
sion in acute leukemia with reversion of the bone 
marrow to approximately normal was seen in 
four of uventy children, and one of fourteen 
adults treated Mth the 4-amino derivatives of 
pteroylglutamic acid. A second remission has 
thus far been induced by further therapy in all 
patients who relapsed follo\ving the first remis- 
sion. In lymphosarcoma and eosinophilic granu- 
loma in children and chronic myelocytic 


leukemia in adults temporary clinical remissions 
occurred occasionally after therapy with the 
4-amino derivatives. In lymphomas and other 
forms of neoplastic disease in adults no useful 
therapeutic results were noted. 

Experimental Evidence on Relative Ef- 
fects OF Life Stress and Inhaled 
Pollen in Hay Fever. Thomas H. 
Holmes, M.D., Theodore F. Treuting, M.D. 
and Harold G. Wolff, M.D. New York, N. Y. 
(From the New York Hospital and the 
Departments of Medicine and Psychiatry, 
Cornell University Medical College.) 

An experimental attempt was made to clarify 
the relative importance of distressing life situ- 
ations and inhaled pollens in the pathogenesis of 
hay fever. In thirty subjects, fifteen of whom had 
had hay fever, repeated quantitative studies of 
nasal function were made under uniform condi- 
tions in a room in which a known concentration 
of pollen was circulated. Nasal hyperfunction 
characterized by varying degrees of hyperemia, 
swelling and hypersecretion of the membranes 
as well as eosinophilia in the nasal secretions 
and circulating blood occurred in all subjects, 
“sensitive” or “normal,” exposed to mixed rag- 
weed pollen when the circumstances were 
appropriate. 

When nasal function was average, neither 
sensitive nor normal subjects reacted to mixed 
ragweed pollen with sufficient evidence of nasal 
hyperfunction to produce symptoms. However, 
when there was pre-existing nasal hyperfunction 
from whatever cause, both groups reacted to the 
pollen with marked hyperfunction, weeping and 
sneezing. Thus during difficult life situations 
productive of conflict typical hay fever attacks 
followed pollen inhalation. Conversely, it was 
possible during pollen inhalation in the absence 
of frank hay fever to induce an attack by a dis- 
cussion of significant personal problems and to 
induce subsidence of the attack by reassurance 
while the pollen is still being inhaled. 

Unilateral procaine block of the stellate 
ganglion in ten subjects yielded evidence that 
nasal hyperfunction engendered by conflict 
situations was mediated through parasympa" 
thetic fibers in the greater superficial petrosa 
nerve. Inhalation of pollen following this 
procedure precipitated the signs and symptoms 
of unilateral rhinitis which spared the^ non- 
hyperfunctioning membrane on the uninjecte 
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side. It was concluded that sensitive individuals 
differ from normals only in degree, that pollen 
or distressing life situations may induce nasal 
hyperfunction in either with associated local 
and circulating eosinophilia and symptoms of 
rhinitis. The various factors provocative of nasal 
hyperfunction with symptoms of hay fever thus 
exert an additive effect. 

Erythropoietic Activity of Extrinsic 
Factor on Parenteral Administration 
IN Pernicious Anemia. Frank H. Gardner, 
M.D., John JV. Harris, M.D. and William 
B. Casile, M.D. Boston, Mass. 

According to Castle, interaction between the 
food (extrinsic) factor and the gastric (intrinsic) 
factor is required for the formation of the anti- 
pernicious anemia principle of liver — here con- 
sidered to be vitamin B 12 . The complete reaction 
does not occur in vitro. We have shown recently 
that the erythropoietic effect of orally admin- 
istered vitamin B 12 is enhanced by the simul- 
taneous administration of the gastric (intrinsic) 
factor although not to the extent observed when 
the same amount of vitamin B 12 is given alone 
parenterally. 

In the present observations a daily dose 
derived from 400 Gm. of beef muscle was em- 
ployed in the form of an autoclaved, 70 per cent 
alcohol filtrate of an aqueous extract of beef 
muscle from which the alcohol had been removed 
by free evaporation. In three patients with un- 
treated pernicious anemia the preparation was 
inert upon daily oral administration, was 
moderately active when orally administered 
daily together with 150 cc. of normal human 
gastric juice and still more active upon intra- 
venous administration without gastric juice. 
Microbiologic assays and erythropoietic effects 
indicate the presence of- somewhat less than 1 
microgram of vitamin B 12 in each daily dose of 
the beef muscle extract. ‘ 

Comparisons of blood glucose and tyrosine 
levels following oral administration of these 
substances simultaneously with 1 50 cc. of normal 
human gastric juice or an equal amount of salt 
solution upon alternate days indicate no non- 
specific effect upon absorption attributable to 
the gastric (intrinsic) factor. This suggests the 
possibility that the food (extrinsic) factor is 
identical with or chemically closely related to 
vitamin B 12 and that the gastric (intrinsic) 
factor is essential merely for facilitation of 

SEPTEMBER, 1949 


421 

absorption of low concentrations of vitamin B 12 
present in certain foods other than, for example, 
liver. 

Relationship between Electrocardio- 
graphic Evidence of Right Ventricu- 
lar Hypertrophy and Pulmon.^ry 
Arterial Pressure in Chronic Pulmo- 
nary Disease. John B. Johnson, M.D. {by 
invitation), John R. West, M.D., M. Irhie 
Ferrer, M.D., H. Ad. Weiner, Ai.D. and 
Andre Cournand, M.D. New York, .N. T. 
(From the Bellevue Hospital.) 

This paper presents a group of thirty-eight 
patients with chronic pulmonary disease in 
whom studies of the pulmonary arterial pressure 
at rest and electrocardiographic evidence of 
right ventricular hypertrophy were made. The 
purpose of the study was to determine whether 
any correlation exists between pulmonary arte- 
rial pressures and electrocardiographic signs of 
right ventricular hypertrophy. The patients 
were studied by the right heart catheterization 
technic. The electrocardiographic study in- 
cluded measurements of the R/S ratio and the 
intrinsicoid deflections in the unipolar pre- 
cordial V leads. 

The patients were divided into three groups. 
Group I included nine patients with normal 
pulmonary arterial mean pressures at rest (15 
mm. Hg or less) but whose mean pressures were 
elevated with e.xercise. Group ii included si.xteen 
patients with elevated pulmonary arterial mean 
pressures ranging from 1 6 to 30 mm. Hg. Group 
III included twelve patients with resting pul- 
monary arterial mean pressures above 30 mm. 
Hg. The electrocardiograms in group r showed 
no evidence of right ventricular hypertrophy. 
Group II, which included those with marked 
chronic pulmonary emphysema, fibrosis or both, 
also showed no specific electrocardiographic 
evidence of right ventricular hypertrophy al- 
though one patient showed an incomplete right 
bundle branch block. Nine of the twelve patients 
in group in showed specific electrocardiographic 
signs of right ventricular hypertrophy of incom- 
plete right bundle branch block. One patient 
showed presumptive evidence of right ventricu- 
lar hypertrophy. A high incidence of incomplete 
right bundle branch block (14 per cent) was 
found in thirty-seven patients. 

The data suggest that most patients with 
chronic pulmonary disease whose resting pul- 
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monary arterial mean pressures exceed 30 mm. 
Hg will have right ventricular hypertrophy as 
indicated by the unipolar precordial V leads of 
the electrocardiograms. With lesser degrees of 
pulmonary arterial hypertension in this small 
series of patients, the electrocardiograms were 
of no value in the detection of right ventricular 
hypertrophy. 

Effect of Lysozyme on Gastric and 
Colonic Mucus of Man in Vitro. George 
B. Jerzy Glass, M.D. and Betty L. Pugh, 
M.D. {Introduced by Stewart Wolf, M.D.) 
New I'ork, N". T. (From the Departments 
of Medicine and Psychiatry of the New 
York Hospital and of the Cornell Uni- 
versity Medical College.) 

Meyer and others have demonstrated that in 
human subjects with peptic ulcer and ulcerative 
colitis a significant increase occurs in the con- 
centration of the mucolytic enzyme lysozyme 
in the gastric juice and stools, respectively. In 
view of the possibility that lysozyme acts to 
destroy the natural mucus coating of the 
stomach and bowel it seemed pertinent to 
explore in vitro the effect of lysozyme on human 
gastric and colonic mucus. 

Tests for lysozyme activity were carried out 
by the viscosimetric method of Meyer, by 
volumetric measurement and by chemical 
analysis of products of mucus digestion. Purified 
egg white lysozyme and human tears containing 
approximately 500 units of lysozyme per cc. 
were used. The gastric mucus \vas obtained from 
normal subjects, achlorhydric subjects and 
from a fistulous human subject with a com- 
pletely occluded esophagus. His gastric juice 
was thus free from contamination from saliva 
and nasorespirator>' mucus. The colonic mucus 
was obtained directly from three fistulous human 
subjects with exposed evaginated segments of 
bowel. 

Both the gastric and colonic mucus were 
tested in their native state at various pH values 
and after liquefaction by incubation or solution 
in dilute alkali. The mucus was also fractionated 
by the method of Glass and Boyd into its com- 
ponents, dissolved mucoprotein elaborated by 
the mucus cells of the gastric glands and visible 
mucus and mucoproteose derived from the lining 
columnar epithelial cells. No mucolytic action 
was displayed in vitro by lysozyme on human 
gastric or colonic mucus. Neither whole mucus 


in its various preparations at various pH values 
nor any of the fractions of mucus from the 
stomach or colon were measurably changed by 
egg white or human lysozyme in tears. In the 
stomach another mucolytic enzyme was de- 
tected which was neither lysozyme nor pepsin. 
Contact of ly'sozyme with gastric mucus neither 
impaired nor enhanced the activity of the 
lysozyme on its mucinous bacterial substrate. 

These observations lead to the inference that 
whatever the consequences of increased lysozyme 
secretion in ulcerative colitis they do not include 
digestion of the protective mucus coating of the 
stomach or colon. 

Metabolism of Human Serum Albumin in 
Man. Richard D. Eckhardt, M.D. and 
Charles S. Davidson, M.D. Boston, Mass. 
(From the Thorndike Memorial Labo- 
ratory, Second and Fourth Medical 
Services, Harvard, Boston City Hospital, 
and the Department of Medicine, Har- 
vard Medical School.) 

The metabolic fate of albumin was investi- 
gated by comparing the effects of its administra- 
tion orally as whole protein and intravenously 
as whole and as completely hydrolyzed protein. 
Two normal and three undernourished subjects, 
maintained on constant 50 Gm. protein diets, 
received 50 or 75 Gm. of whole or hydrolyzed 
albumin daily for six days during six metabolic 
studies of from three to five weeks’ duration. 

The following results were obtained: (1) 
Hydrolyzed albumin given intravenously was 
promptly metabolized. Urinary nitrogen excre- 
tion increased immediately and remained con- 
stant throughout albumin administration and 
returned to the fore-control value the day it was 
discontinued. (2) During and after administra- 
tion of whole albumin orally a three to five-day 
lag occurred before the urinary nitrogen excre- 
tion and nitrogen balance became constant. (3) 
When whole albumin was injected intravenously, 
the metabolism required approximately two 
weeks for completion as evidenced by the slow 
disappearance of albumin from the blood and 
delayed and gradual excretion in the urine as 
non-protein nitrogen. (4) The rate of disappear- 
ance of intravenously administered whole 
albumin from the blood was similar in normal 
and undernourished subjects. (5) Undernour- 
ished patients burned less administered whole 
albumin, whether given by mouth or by vein, 
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than did normals. (6) Most efficient utilization 
of albumin followed its administration intra- 
venously as a whole protein. 

It is concluded that albumin is available to 
both normal and undernourished subjects for 
metabolism regardless of its form or route of 
administration. The delay of approximately two 
weeks in reaching nitrogen balance when \vhole 
albumin is given intravenously reflects its slow 
degradation while the less marked delay follow- 
ing oral administration depends upon the time 
required to complete digestion and absorption. 
Nitrogen balance is promptly achieved when 
hydrolyzed albumin is administered intra- 
venously since the processes of digestion 
and absorption or of degradation have been 
circumvented. 

Sodium and Potassium Excretion in Pa- 
tients MTTH Renal Insufficiency. Belton 
A. Burrows, M.D., Robert R. Commons, 
M.D. and Charles H. Burnett, M.D. {by 
invitation) Boston, Mass. (From the Evans 
Memorial Hospital.) 

The relationship between urine volume and 
sodium and potassium excretion has been 
studied under conditions in which changes in 
volume or electrolyte excretion were expected 
to occur. Normal subjects and patients with 
advanced renal insufficiency were given con- 
stant intakes of water but varying quantities of 
sodium or potassium while fasting. Also, con- 
secutive voidings and consecutive twenty-four- 
hour collections were followed in patients with 
advanced renal insufficiency and in patients 
with acute renal failure. 

In normal subjects changes in sodium and 
potassium excretion were gradual, although at 
times considerable and quite independent of 
wide changes in urine volume, with correspond- 
ing variations in urine concentrations. In the 
patients with advanced renal insufficiency under 
similar test conditions, urine volumes and con- 
centrations and hence electrolyte e.xcretions 
showed in general less variation as compared 
with the normal responses. The diurnal and 
day-to-day changes in the patients studied 
showed close correlation between urine volume 
and electrolyte excretion associated with almost 
constant urine concentrations, particularly of 
potassium. This urine electrolyte concentration 
was much higher in the patients with severe 
renal failure, acute or chronic, than has been 


for Clinical Research 423 

observed in patients with normal renal function 
and minimal urine levels. 

Several of the patients with high constant 
urine potassium concentrations had low serum 
potassium values. Administration of additional 
potassium resulted in a considerable uptake 
before the urine concentration rose. In most of 
these patients this constant urine potassium 
level lay between 20 and 35 mEq./L. in spite 
of two- or three-fold changes in urine volume. 
This suggests that patients with severe renal 
insufficiency probably are subject to loss of 
potassium as well as sodium in the urine. 

Quantitative Estimate of Vasomotor 
Tone in the Human Extremity with 
Comparative Studies of the Sympa- 
thetic Blocking and Adrenolytic 
Properties of Tetraethylammonium, 
Priscol and Dihydroergocornine. John 
W. Avera, M.D., Sibley TV. Hoobler, M.D., 
Samuel G. McClellan, M.D. and TVilliam J. 
Little, M.D. Ann Arbor Mich. 

Presumably complete blockade of sympathetic 
vasomotor tone in the human subject without 
marked organic vascular disease was produced 
by means of spinal anesthesia, caudal anesthesia, 
lumbar paravertebral block or within twenty- 
four hours after sympathectomy. Blood flow to 
the foot as measured by the venous occlusion 
plethysmograph was regularly increased to an 
average of fourteen times control values. In 
contrast, tetraethylammonium (500 mg. intra- 
venously) increased the blood flow on an 
average seven times the resting levels and 
produced no vasodilatation after sympathectomy 
or after intra-arterial administration. In usual 
clinical doses it therefore produced an approxi- 
mately 50 per cent blockade of sympathetic 
vasoconstrictor tone and had no local vaso- 
dilator action. 

Priscol (30 to 50 mg. intravenously) induced 
a three-fold increase in the blood flow in the 
foot and a two-fold increase in the innervated 
and denervated hand. The blood flow likewise 
was increased after intra-arterial injection. In 
this dosage the effects of the drug can in large 
measure be accounted for by a local vasodilator 
action although slight sympatholytic activity 
cannot be excluded. 

Dihydroergocornine (0.25 to 1 mg. intra- 
venously) caused a slow and delayed increase 
in the blood flow to 2.6 times the resting levels 
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in the foot and 2.1 and 2.4 times the resting 
levels in the innervated and denervated hand, 
respectively. In this dosage the drug has little 
or no sympatholytic effects and may produce 
vasodilatation after conversion into a vasodilator 
agent or by altering existing vasoregulatory 
mechanisms which are not mediated through 
sympathetic pathways. 

Adrenolytic activity was measured by deter- 
mining the effect of the drugs on the vasocon- 


strictor response to an intra-arterial injection of 
epinephrine, l^^len tetraethylammonium, DHO 
or benzodioxane (16 mg.) were administered 
intravenously, the response to intra-arterial 
epinephrine was not altered. On the other hand, 
administration of priscol intravenously had a 
moderate adrenolytic effect. When high local 
concentrations of the last three drugs were 
achieved by intra-arterial injection, significant 
adrenalin blocking action was demonstrated. 
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Case Reports 

Diffuse Progressive Interstitial Fibrosis 

of the Lungs* 

A. J. Beams, m.d. and O. Harmos, m.d. 

Cleveland, Ohio 


W E wish to report an unusual case 
of fatal pulmonary disease which 
presented at autopsy many of tlie 
features of acute diffuse interstitial fibrosis 
of the lungs, a disease first described by 
Hamman and Rich.^ The clinical course 
of the present case differed from those which 
they described in that its duration was 
fifteen months instead of four to twenty-four 
weeks. 

CASE REPORT 

A. G., a single white thirty-two year old 
merchant seaman, was admitted to the U. S. 
Marine Hospital complaining of cough and 
shortness of breath. He ^vas first admitted for 
this complaint on January’’ 2, 1946. For three 
months before admission the patient had ex- 
perienced some shortness of breath on exertion 
and for one month he had a cough which 
was productive occasionally of blood-streaked 
sputum and pain in the anterior chest. 

Physical examination revealed nothing which 
was of any help in explaining the patient’s 
symptoms. A roentgenogram of the chest (Fig. 1) 
showed hazy shadows in the lower half of the 
left lung and the lower fourth of the right im- 
mediately above the diaphragm. The heart and 
aorta were within the normal limits of size and 
contour. The roentgenologist considered these 
changes characteristic of atypical pneumonia. 
However, ^vhen a second roentgenogram made 
three weeks later showed no changes, a chronic, 
infection-producing pulmonary fibrosis was 
considered as another possibility. The labora- 
tory studies which included repeated sputum 
examinations and blood studies added nothing 
to the solution of the problem. The patient was 
afebrile during his entire course of thirty-six 


days in the hospital. His shortness of breath 
improved and the cough disappeared. 

His second admission to the hospital was on 
June 6, 1946, when he complained of symptoms 
similar to those experienced at the time of his 
first admission. After discharge from the hospital 
on February 7, 1946, he was free of symptoms 
until May when he had a return of his 
cough and shortness of breath which gradually 
grew worse until his second admission to the 
hospital. 

The physical examination did not yield any 
more information at this time than it did at the 
first admission. His temperature was 37°c., 
pulse 90, respiration 22 and blood pressure 
124/78. He was well nourished and did not 
appear acutely ill. There was a slight diminution 
in the intensity of the breath sounds at the base 
of the right lung. The heart was normal in size 
and no murmurs were heard. A roentgenogram 
of the chest showed only a slight change from 
that made five months previously. Streaky, 
fine, motded shadows were present in both lung 
bases involving the lower half of the left lung 
and the extreme base of the right lung where 
there appeared to be an increase in the shadows. 
Since streaky and hazy shadows in both lung 
bases with little change on serial films had per- 
sisted for a period of five months, it was con- 
cluded that some chronic infection-producing 
fibrosis such as pneumoconiosis or sarcoidosis 
was responsible for these changes. The other 
laboratory studies added no information. The 
red blood cell count was 5,050,000, hemoglobin 
12.2 Gm., white blood cell count 9,000 with 
64 per cent neutrophils, 31 per cent lymphocytes 
and 5 per cent eosinophils. The sedimentation 
rate was 18 mm. per hour. The serologic test for 
syphilis \vas negative. The urine showed no ab- 
normal findings; sputum examinations for 


* From the Departments of Medicine and Pathology, U. S. Marine Hospital, Cleveland, O. Approved for publication 
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Fig 1 Fig 2 

Fig 1 Roentgenogram of the chest taken January 3, 1946, showing hazy shadows in the lower half of the left 
lung and the extreme base of the right 

Fig. 2 Roentgenogram taken August 14, 1946, showing an increase in the mottled and hazy shadows m both lungs 
Changes noted m the contour of the heart and the prominence of the pulmonary vessels suggested cor pulmonale 

tubercle bacilli and for fungus infection were increase in palpable precordial activity and 
negative. more numerous rales at the bases of the lungs 

For the first nine weeks in the hospital the Administration of oxygen by means of a tent 

patient was ambulatory. During this time no produced a decrease in both the cyanosis and 

change tvas noted except a slight increase in dyspnea. From this time until his death, Decem- 

dyspnea. An x-ray of the chest made July 12, ber 12, 1946, he was never able to be out of the 

1946, showed very little change from the one tent for more than thirty-minute periods. The 

made a month previously. At the end of the cyanosis and dyspnea gradually increased in 

tenth week in the hospital (August 8th) his spite of oxygen therapy. There were no signifi- 

dyspnea became much worse and a few rales cant changes noted in the lungs but there was 

were heard at the bases of both lungs. A systolic an increase in the palpable activity over the 

impulse and a diastolic impact were palpable right ventricle; the pulmonic second sound w'as 

over the right ventricle suggesting enlargement. accentuated and the veins of the neck were 

A roentgenogram of the chest (Fig. 2) made distended. No other signs of cardiac failure were 

August 14th sho^ved progressive changes in observed during the course of illness except for 

the lungs with streaky, mottled and hazy the last x-ray of the chest made November 18th 

shadows in the middle third of both lungs and at the bedside which showed dense, patchy, 

upper third of the left lung just below the clavi- hazy shadows throughout both lungs suggesting 

cle. Cor pulmonale was suggested by the in- pulmonary edema. The pulmonary vessels were 

creased prominence of the pulmonary^ vessels very prominent and there was an increased 

and filling of the incisura of the left upper bulging of the left upper border of the cardiac 

border of the heart. On August 18th the patient’s shadow. Another interesting development w'as 

condition suddenly showed a marked change; clubbing of the fingers which was observ'cd 

his respiratory’ rate rose to 50 and he became about four weeks after the cyanosis appeared, 

extremely cyanotic. The only other changes The only significant change in the laboratory 

which were noted at this time were a great studies w’as an increase in red cell count and 
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hemoglobin. The red cell count rose to 7,110.000 
and the hemoglobin to 18.9 Gm. The white cell 
counts were normal throughout the illness until 
one month before death when they rose to 
16,000. The patient remained afebrile until 
August 28th and then the temperature ranged 
from 37°c. to 38°c. until six days before death 
when it gradually rose, reaching a peak of 
39.2°g. He died on the 189th hospital day. It 
was thought that the immediate cause of death 
was pneumonia. 

The autopsy was limited to the chest. Some 
mucopurulent exudate coated the tracheal 
lining. No collection of fluid or pleural ad- 
hesions was found about the lungs. The left lung 
weighed 750 Gm. and the right 850 Gm. The 
upper lobes of the lungs presented the appear- 
ance of an almost uniform pneumonic con- 
solidation. A deep, reddish color prevailed on 
the cut surface of the left upper lobe and a 
mottling of greyish and bro\vnish areas appeared 
on the right side. The lower lobes indicated an 
uneven firmness to palpation; firm, greyish and 
somewhat granular areas were distributed 
throughout these lobes on section. Frequent 
areas of emphysema were enclosed by the inter- 
lacing, dense, fibrotic portions of the lower 
lobes and groups of emphysematous blebs 
occurred at peripheral locations. (Fig. 3.) An 
exudate was expressible from frequent bronchi. 
No thrombi were observed in the blood vessels. 

The histopathologic findings were much the 
same as those described in the cases of Hamman 
and Rich, an opinion confirmed by Dr. A. R. 
Rich. Microscopically, a widespread interstitial 
fibrosis was noted in all lobes. The left upper 
lobe showed considerable obliteration of the 
normal alveolar spaces due to pronounced 
thickening and some hydropic changes of the 
alveolar walls. Many dilated capillary blood 
vessels occupied most parts of the walls of the 
alveoli and some proliferation of fibroblasts was 
noted about these vessels. Strips of fibrino- 
hyaline membranes were conspicuous in or 
about frequent alveoli and some of the air 
vesicles contained clumps of fibrin, leukocytes 
and desquamated epithelial cells or collections 
of red corpuscles. (Fig. 4.) In the lower half of 
the lobe there was a gradual change from the 
congestion and prevalence of capillary vessels 
to a very unusual and pronounced proliferation 
of connective tissue in and about the alveolar 
walls which was true in all of the other lobes. 
There were widely distributed beady or patchy 
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Fig. 3. An almost uniform consolidation is exhibited 
on the cut surface of the upper lobe. The, firmness of 
the lower lobe is interrupted by frequent foci of emphy- 
sema. Several borders of the lobes show emphysema- 
tous blebs. 

fibrotic areas and partial obliteration of the 
alveolar spaces. The epithelium of the alveoli 
frequently was composed of prominent, high 
epithelial cells, some of which were unusually 
large, causing the epithelium to be irregular in 
places. (Fig. 5.) Occasionally parts of the alveo- 
lar epithelium were absent and in some regions 
the nuclei of the epithelial cells were indistinct 
or fragmented. 

A number of bronchi contained some fibrino- 
cellular exudate. In very occasional parts of the 
bronchi or bronchioles the epithelium was vacu- 
olated or indistinct and the lumina of some of 
the small bronchi were narrowed or obliterated. 
The linings of several bronchi showed squamous- 
celled metaplasia and, rarely, minute peripheral 
spots of heteroplastic ossification occurred in 
lung sections. The interstitial areas were fre- 
quently seats of small groups of lymphocytes, 
pigment-bearing phagocytes, loose collections 
of histiocytes and plasma cells, scattered giant 
cells and eosinophiles. In addition, frequent 
groups of dilated capillary vessels were noted 
and islets of large, epithelial-type cells were 
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Fig. 4 Fig. 5 

Fig. 4. A field from the upper lobe of the left lung which shows greatly thickened alveolar walls occupied by dilated 
capillary vessels. Note the loose collections of wandering cells, incipient proliferation of fibroblasts and hyaline mem- 
branes lining alveolar spaces; X 210. 

Fig. 5. Advanced proliferation of connective tissue is seen in and about the alveolar tvalls with much narrowing of the 
alveoli in the upper half of the field. Note the beady character of the fibrosis in the upper half of the field, the fre- 
quently prominent alveolar lining epithelium and heaping of epithelial cells; X 210. 


conspicuous in several sections; however, we 
believe tliat these heaps of cells were within de- 
formed or collapsed air vesicles or represented 
proliferations of the alveolar epithelium. Focal 
emphysema involving a considerable number 
of alveoli was a conspicuous finding, especially 
in the lower pulmonary lobes. The branches of 
the pulmonary arteries indicated no intimal 
thickening of significance. The tracheobronchial 
lymph nodes were congested and enlarged; 
microscopically, occasional collections of mono- 
nuclear and plasma cells were present in the 
sinuses. 

The heart tvas moderately enlarged and some- 
what flabby in consistency; it weighed 470 Gm. 
The right ventricle was dilated and its muscula- 
ture indicated hypertrophy, showing an average 
thickness of 6 mm. The left ventricle measured 
12 mm. in thickness. The valves and the coro- 
nary' vessels showed no remarkable lesion and 
the microscopic appearance of the myocardium 
was essentially normal. A mild intimal sclerosis 
of the aorta was noted. 

COM.MENTS 

The pathologic studies indicate that the 
proliferative fibrotic process was most ad- 


vanced in the lower lobes while parts of the 
upper lobes presented a more recent lesion. 
The histologic sections of the case repro- 
duced most of the pathologic peculiarities 
described by Hamman and Rich, as fol- 
lows: (1) There was a diffuse and progres- 
sive interstitial proliferation of connective 
tissue throughout all lobes of both lungs; 
this tissue production showed varying stage 
of development and activity. A rather 
moderate degree of inflammation, recent 
and old, was noted; however, it differed 
from lesions present in ordinary pneumonia 
of bacterial origin. For analogy we quote 
Rich; “The essential peculiarity in this 
condition is the remarkable proliferation of 
connective tissue that occurs within the 
alveolar walls, even in the absence of the 
organizing exudate in the related alveolar 
spaces. One can find virtually all stages of 
the process, from the acute inflammatory' 
phase, to complete fibrosis. It is quite clear 
that the attack on the lungs in this condi- 
tion does not begin every\vhere at once, but 
rather, spreads from place to place until all 
lobes of both lungs have become diffusely 
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involved with lesions in different stages of 
development.” (2) a proliferation of capil- 
lary blood vessels and hydropic changes 
were noted at places in the alveolar walls; 
hyaline membranes lined the alveoli and 
a moderate degree of inflammation was 
observed. (3) Proliferation and prominence 
of the lining alveolar epithelial cells, fre- 
quently resembling the bronchiolar epithe- 
lium, were present. (4) There was stenosis 
of some small bronchi and bronchioles with 
emphysematous dilatation of the adjacent 
alveoli. (5) No stainable bacteria were 
demonstrated in the pulmonary paren- 
chyma and a smear of the bronchial exudate 
showed pairs of gram-negative and gram- 
positive cocci. The only differences noted 
in the histologic examination from those 
described in the cases of Hamman and Rich 
were that there were less edematous changes; 
no striking numbers of eosinophilic cells 
were found; the necrosing changes in the 
alveolar and bronchial epithelium were 
infrequent; and the thickening of the 
alveolar walls frequently exhibited a re- 
markable beady appearance. 

In this case the clinical course can be 
divided into two stages; first, a latent period 
of eleven months and second, an active 
phase of four months. During the first ten 
and one-half months of the latent period 
very little progression of the disease was 
noted. There were no physical findings 
during this time to explain the shortness of 
breath and cough; however, the roentgeno- 
gram showed changes at the bases of both 
lungs which suggested pulmonary fibrosis. 
In the last two weeks of this period the 
dyspnea became worse; a few rales were 
heard at the bases of both lungs and cor 
pulmonale was suggested by the increased 
palpable activity of the right ventricle and 
the roentgenologic changes noted in the 
cardiac shadow. 

The active phase of the disease began 
abruptly and followed a course similar to 
those described by Hamman and Rich and 
Eder, Hawn and Thorn.” This sudden 
change, manifested by cyanosis and marked 
dyspnea which was never completely re- 


lieved by oxygen therapy and gradually 
became worse over a period of four months, 
could not be explained adequately by any 
changes found in the lungs. The sudden 
onset suggested heart failure; however, the 
only signs indieating this were an increase 
in precordial activity, distention of the 
veins of the neck and the changes in the 
roentgenogram made one month before 
death which suggested pulmonary edema. 

The histologic changes found in the lungs 
offer an explanation for the failure of oxygen 
to give the expected relief of the dyspnea 
and cyanosis and the disparity between the 
subjective symptoms and the physical find- 
ings in the lungs. A great increase in the 
connective tissue was noted in the alveolar 
walls which must have completely obstructed 
the exchange of gases in the alveoli where 
the process was well-advanced. As the 
respiratory membrane of the lung was re- 
duced the dyspnea and cyanosis increased 
and the response to oxygen administration 
became less. In addition to interfering with 
the exchange of gases a reduction of the 
pulmonary vascular bed occurred produc- 
ing an increase in pressure in the pulmonary 
artery resulting in cor pulmonale. The 
great disparity between the subjective 
symptoms and physical findings is easy to 
understand since the pathologic changes 
were confined chiefly to the alveolar walls. 

SUMMARY 

1. An unusual case of fatal pulmonary 
disease has been presented. The clinical 
and pathologic aspects have been discussed. 

2. This case differed from those described 
previously in that the duration of the 
disease was fifteen months instead of four 
to twenty-four weeks. 

3. Observation of the course of the 
disease tliroughout the latent period of 
eleven months and the active period of 
four months offered us an opportunity to 
observe the development of cor pulmonale, 
clubbing of the fingers and polycythemia. 

4. In view of the longer duration of the 
disease in this case we propose to employ 
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the term “diffuse, progressive, interstitial 
fibrosis of the lungs.” 

We wish to thank Doctor Carol Dundon for 
his cooperation and interest in the interpretation 
of the x-ray films and Doctor Herbert Z. Lund 
for his helpful suggestions in the -pathologic 
studies. 
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A Syndrome Characteri2red by Generalized 
Cutaneous Eruption, Chorioretinitis and 
Eosinophilia, Probably Due to Chronic 
Toxoplasma Infection* 


Andrew J. Brennan, m.d., Thomas McP. Brown, m.d., Joel Warren, pIi.d. 

and George Vranian, m.d. 

Washington, D. C. 


t NFECTiON with toxoplasma parasites can 
produce a variety of clinical syndromes 
in man. This obligate intracellular pro- 
tozoan has been shown to be the cause of a 
congenital encephalomyelitis of the new- 
born,^ an acute encephalitis in children,^ a 
typhus-like syndrome of adults associated 
with pneumonitis,® an acute febrile illness 
in adults clinically similar to trichinosis'* 
and non-apparent infections in adults de- 
tected by finding circulating antibodies 
against this parasite.® 

It is the purpose of thispaper to describe 
a heretofore unreported type of chronic 
illness characterized by the presence of a 
generalized cutaneous eruption, chorio- 
retinitis and eosinophilia. Antibodies against 
toxoplasma were present in the blood of the 
patient and a positive skin test was obtained 
when toxoplasma antigen was injected in- 
tradermally into this individual. However, 
several attempts to isolate toxoplasma from 
the patient’s blood, sternal marrow and 
spinal fluid were unsuccessful. 

CASE REPORT 

A white male, aged thirty, was admitted to 
the Veterans Administration Hospital, Wash- 
ington, D. C., on September 24, 1947. He had 
been a well-driller prior to military service. 
There was no history of prolonged contact with 
animals or arthropods. In 1943 the patient 


developed a bilateral iritis together with symp- 
toms of anorexia and severe epigastric pain 
which were unrelated to intake of food and not 
relieved by medication. Roentgenograms showed 
the duodenum to be irregular and there was evi- 
dence of crater formation on its superior and 
anterior wall. He was discharged from the service 
in 1 943 with a diagnosis of duodenal ulcer. These 
symptoms persisted until the present hospital 
admission. In December, 1945, tender nodules 
varying in diameter from a few mm. to 5 to 6 
cm. began to appear under the skin. They 
usually occurred in crops and persisted for four 
to six weeks and then gradually subsided. The 
nodules at various times have appeared over 
the entire body including the soles of the feet 
and the scalp. Crops of small vesicles varying 
from 2 to 4 mm. in diameter and containing 
clear fluid were also noted. The vesicles promptly 
became hemorrhagic and were the sites of intense 
pruritus. Dark brown scabs formed following 
rupture of the vesicles and after several weeks 
these scabs separated from the skin surface, 
leaving reddened areas which eventually faded 
but left atrophic scars similar to the residual 
lesions of smallpox. Nodules and vesicles of this 
type recurred continuously from 1945 to 1948. 
Pain was often present in the lower extremities 
from the onset of this illness. In addition the 
patient complained of weakness, severe head- 
ache, loss of weight and intermittent fever. 
There was a history of two attacks of Bell’s palsy, 
the first involving the right side in July, 1944, 
and the second occurring on the left in March, 


* From the Veterans Administration Hospital, Washington, D. C., and the Department of Virus and Rickettsial 
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This paper is published with the permission of the Chief Medical Director, Department of Medicine and Surgcr\-, 
Veterans Administration, who assumes no responsibility for the opinions e.xpressed or conclusions drawn by us. 
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Tic 1 Appearance of patient on November 25, 1947 

1947. There was complete recovery from each 
attack. A biopsy of a subcutaneous nodule was 
taken three months before entering Veterans 
Administration Hospital. On the basis of its 
histopathology^ a diagnosis of dermatomyositis 
was made. 

Physical examination revealed the patient to 
be a well developed, fairly well nourished white 
male who nevertheless appeared chronically ill 
and older than his stated age. His hair was pre- 
maturely gray. Examination revealed an old 
area of chorioretinitis approximately the size of 
the optic disc in the periphery' of the left fundus, 
a small ulcerative lesion about 5 mm. in diame- 
ter on the right tonsil and multiple, raised, 
tender, erythematous, subcutaneous nodules 
scattered diffusely over the trunk and extremi- 
ties. In addition, innumerable cutaneous lesion 
were present. These were in various stages of 
development from vesicles with crusted surfaces 
to erythematous and non-ery'thcmatous scars of 
vary'ing size. (Fig. 1.) No other abnormalities 
^\ere noted in the physical examination. 

Clinical laboratory data was as follows Blood 
count on admission: red blood cells. 4,600,000; 
hemoglobin. 14 Gm.; white blood cells, 11.150: 


polymorphonuclears, 74; lymphocytes, 1 9; mono- 
cytes, 3 and eosinophiles, 4. The sedimentation 
rate w-as 30 mm. in one hour corrected (U'jn- 
trobe) Throughout the hospital stay the red 
blood cells ranged betw'een 4.040,000 and 
4,630,000, w hite blood cells betw'een 5,900 and 
11,150. There was little change in the diffei- 
ential counts except for an eosinophilia which 
reached 14 per cent. Urinaly'sis on admission: 
specific gravity'. 1,022; albumin, very faint 
trace; sugar, negative; microscopic examination, 
10 to 20 w'hite blood cells. 8 .to 10 red blood 
cells and a few' hy'aline and fine granular casts. 
Subsequent urinalyses w ere w'ithin normal limits 
except during a period of therapy w'hen numer- 
ous red blood cells and sulfadiazine crystals were 
seen The cytology of the sternal bone marrow 
was normal. All bacteriologic studies w'ere nega- 
tive. A complement fixation test for histoplasmo- 
sis w as positive to a titer of 1 : 32 in one instance 
but on repeated examination one month later 
w'as negative. Intravenous phenolsulfonphtha- 
lein, urea clearance and Fishberg concentration 
tests W'ere within normal limits. X-ray ex- 
aminations of the skull, chest and gastroin- 
testinal tract were negative. Oscillometric read- 
ings of the low’er extremities w'ere w'ithin the 
normal range. There were no electrocardio- 
graphic abnormalities. 

A biopsy of a skin lesion and subcutaneous 
nodule w'as taken on September 25, 1947. The 
histologic findings w’ere not pathognomonic for 
any pathologic entity. The tissues revealed in- 
filtrations w’ith numerous eosinophiles; severe 
vascular changes w'ere also present and suggested 
a so-called “hyperergic” type of inflammation. 
(Fig. 2.) Toxoplasma w'cre not observed in a 
careful examination of numerous sections of 
this material. 

Three attempts w'ere made to isolate toxo- 
plasma from the patient’s blood. On October 21, 
1947, heparinized blood was injected intra- 
ccrebrally and intraperitoneally into each of 
ten mice and tw'o guinea pigs. On November a, 
1947. a second specimen of blood was obtained 
and inoculated into the chorio-allantoic sac of 
ten embryonated eggs, and into two guinea pigs 
by the intradermal and intraperitoneal routes 
Spinal fluid also taken at this time \vas injected 
into ten embryonated eggs. The third attempt 
at isolation was performed on November 24. 
1947, when 25 cc. of heparinized blood was 
centrifuged at 3.500 revolutions per minute for 
twenty minutes and the sediment resuspended 
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Fig. 2. Section through a biopsied portion of a cuta- 
neous lesion, X 300. 


in 5 cc. of physiologic saline solution. This 
material was then inoculated intraperitoneally 
into mice, guinea pigs and into the chorio- 
allantoic sac of embryonated eggs. At this time 
also sternal marrow was aspirated from the 
patient and injected into mice and guinea pigs. 

None of these inoculations produced any signs 
of disease in the animals or embryonated eggs. 
Furthermore, serial blood passages which were 
performed in a number of instances also gave 
negative results. The failure of the guinea pigs 
to develop specific complement-fixing antibody 
of toxoplasmosis indicated the absence of even 
subclinical infection. 

Complement fixation tests were performed to 
determine the toxoplasma antibody level in the 
patient’s serum taken on October 19, 1947 and 
November 5, 1947. Both serum specimens fixed 
complement at a dilution of 1:128 when tested 
with toxoplasma antigen prepared from infected 
chorio-allantoic membrane.® Furthermore, both 
sera gave strongly positive reactions in neu- 
tralization tests carried out in rabbits inoculated 
intradermally. 

On the basis of these positive seiologic reac- 
tions it was decided to perform an intradermal 
skin test on this patient, employing an antigen 
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Fig. 3. Appearance of toxoplasma skin test foity-eight 
hours after inoculation. Toxoplasma antigens injected 
into left forearm, contiol on right aim, a, control; b, 
spontaneous lesion, c. induced lesion. 

derived from toxoplasma-infected chorio-allan- 
toic membrane.® The antigen was prepared as 
follows; A 10 per cent suspension of infected 
membranes in physiologic saline solution was 
rapidly frozen and thaw’ed three times to 
destroy the toxoplasma and then centrifuged 
at 3,000 revolutions per minute for fifteen 
minutes. The supernatant fluid was removed 
and sufficient merthiolate added to make a final 
concentration of 1:10,000. After this material 
had been showm to be bacteriologically sterile 
and non-infectious for mice and guinea pigs it 
was used as a skin test antigen. A suspension of 
normal chorio-allantoic membrane prepared in 
a similar fashion served as a control antigen. 
On November 24, 1947, the patient w'as inocu- 
lated intradermally with 0.1 cc. amounts ol 
1 : 1,000 and 1:100 dilutions of the control and 
toxoplasma antigens. There w'as no immediate 
reaction at either site. Sixteen hours later a 
slight reaction w'as noted at the site of the injec- 
tion of the 1 ; 1,000 dilution of toxoplasma anti- 
gen and a raised erythematous area measuring 
1.0 by 1.0 by 0.2 cm. at the site of the injection 
of the 1:100 dilution of toxoplasma antigen. 
Forty-eight hours following the skin test the 
site of the 1:100 dilution measured 1.5 by 1.5 by 
0.3 cm. (Fig. ,3.) At this time the lesion became 
pruritic and a small vesicle appeared w'hich 
W'as indistinguishable from the cutaneous lesion 
previously described on the patient. Seventy-tw'o 
hours after injection the lesion had become 
slightly discolored and hemorrhagic in appear- 
ance, resembling a spontaneous cutaneous 
lesion. No visible reactions were present at the 
control sites. Examination of a biopsy specimen 
of the .skin obtained from the site of injection of 
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Fig. 4. Section through a biopsied portion of an induced 
skin lesion resulting from the intradermal inoculation 
of an extract of toxoplasma-infected chorio-allantoic 
membrane; X 300 

the 1:100 dilution of toxoplasma antigen on the 
ninth day after inoculation revealed a histologic 
picture (Fig. 4) similar to that of the spontaneous 
skin lesion. 

From the date of admission until November 
25, 1947, the patient’s symptoms persisted un- 
abated. His temperature ranged from 98.6°f. 
to 102.0°f. and during this period he was afebrile 
on only three occasions which lasted five days, 
two days and three days, respectively. He was 
seen by a dermatologist who indicated that the 
skin eruption as compatible with the diagnosis 
of erj'thema multiforme bullosum. Because of 
the data suggesting a diagnosis of to.xoplasmosis, 
and in light of the experimental \Nork done by 
Sabin and Warren on the use of certain sulfona- 
mides in the treatment of laboratory animals 
infected with toxoplasma,' sulfadiazine therapy 
was instituted on November 25, 1947, using 
6.0 Gm. daily. For ten days prior to the initia- 
tion of therapy the patient’s temperature ranged 
from 98.6°f. to 101. 8°f. Within twenty-four 
hours after administration of sulfadiazine the 
patient’s temperature dropped to normal and 
he remained afebrile for a period of twelve daxs. 




Fig. 5 Appearance of patient December 22, 1947, 
twenty-seven days after beginning of sulfonamide 
therapy 


The muscular and epigastric pain markedly 
decreased in seventy and duration, his appetite 
improved, the headaches disappeared and there 
w'as a marked decrease in the formation of new 
nodules and vesicles (Fig. 5.) Prior to therapy 
he required analgesic drugs for the relief of pain 
but none were necessary during this afebrile 
period. 

On December 5, 1947, the patient had a 
sulfadiazine level of 20.2 mg. per cent. Because 
of this high level therapy w'as discontinued for 
twenty-four hours. At the end of this interx'al 
the level had dropped to 1 3.8 mg. per cent and 
sulfadiazine was again instituted but with the 
dose reduced to 4.0 Gm per day. In spile of 
continued medication the patient’s temperature 
again became elevated, ranging between 99 f 
to 100.6°f. for tw'o days, following which he was 
essentially afebrile for thirteen days. At this 
time (December 27, 1947), he developed hema- 
turia which necessitated discontinuance of sul- 
fadiazine. Following this his symptoms, with the 
exception of epigastric pain, reappeared but his 
temperature ranged between normal and 99. a F. 
The rate of formation of new nodules and vesicles 
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returned to the pretreatment level. On January 
17, 1948, the therapy was modified and sul- 
fapyridine alone, 1 Gm. daily, was started and 
increased to 2 gm. daily on January 28, 1948. It 
then became imperative for him to leave the 
hospital for personal reasons and he was dis- 
charged on February 2, 1948. Correspondence 
received from the patient on June 3, 1948, 
indicated that his condition was similar to that 
on admission. 

COMMENTS 

The rather bizarre elinical features ob- 
served in this patient suggested several 
possible diagnoses; among these were peri- 
arteritis nodosum, erythema multiforme 
and toxoplasmosis. All but the latter were 
discarded when the positive serology for 
toxoplasma was discovered. 

It seemed to us not unlikely that this 
man’s present illness probably dated back 
as far as 1943 at which time a diagnosis of 
duodenal ulcer and bilateral iritis was 
made. The occurrence of two episodes of 
Bell’s palsy, first in 1944 and again in 1947, 
suggested that injuries to the central nervous 
system might have occurred at or shortly 
after the appearance of iritis and the cutane- 
ous lesions previously noted. 

The finding of strongly positive comple- 
ment fixation, neutralization and skin 
sensitivity tests for toxoplasma made it 
possible to account for many of the puzzling 
features of this case. The chorioretinitis, 
headache and fever are in accord with the 
pathologic changes known to be caused by 
this parasite. Toxoplasma are transported 
in the blood stream and invade and multiply 
in any of the mesenchymal tissues of the 
body. Their final localization is apparently 
determined by; (1) chance, (2) mechanical 
effects, as the filtering action of the lung 
and spleen and (3) factors as yet unknown. 
It is not unlikely that this non-selective 
localization accounts for the varied mani- 
festations often observed in human toxo- 
plasmosis. The long duration of illness in 
our patient also has a parallel in the well 
established fact that chronic toxoplasmosis 
exists in animals^ and it is most probable 
that a chronic infection exists for a con- 
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siderable time in the mothers of infants who 
are born with congenital toxoplasmosis.^ 

The case described in the present report 
is distinguished by an eosinophilia and the 
appearance of crops of nodular or vesicular 
lesions involving the epidermis and subcu- 
taneous layers of the skin. Although no 
parasites were observed in the tissue at these 
sites, the histopathology of these nodules is 
essentially identical with the response elicited 
by the intradermal inoculation of a toxo- 
plasma antigen. The histologic picture is 
also similar to that induced by the injection 
of any reagin into a hyperergic individual. 

It is our opinion that the continued appear- 
ance of these cutaneous lesions is due to the 
constant release of living toxoplasma or 
toxoplasma antigen from one or more 
internal foci. These parasites, finding their 
way into the smaller capillaries, evoke an 
allergic reaction in this individual but in 
the presence of the high level of humoral 
antibody are unable to multiply to any 
extent and the cutaneous lesion eventually 
recedes. The repeated failure to isolate 
toxoplasma from this patient will be raised 
as an argument against this hypothesis. 
However, it should be noted that the num- 
ber of circulating parasites even in heavily 
infected experimental animals is often 
small.® Furthermore, it will be recalled that 
several cases of human toxoplasmosis have 
been reported in which toxoplasma could 
not be isolated from the blood or spinal 
fluid.”“-^ 

Following administration of sulfadiazine 
this patient exhibited marked improvement 
in his general condition. After twenty-two 
days of this therapy he unfortunately de- 
veloped hematuria which made it necessary 
to discontinue the drug. His subsequent 
course has not been improved. Unfortu- 
nately no alternative therapeutic agents to 
the sulfonamides are presently available 
for the therapy of human infection from 
toxoplasma. 

SUM^^ARY 

The case of a thirty year old male ex- 
hibiting generalized cutaneous eruption, 
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chorioretinitis and eosinophilia of three 
years’ duration is described. Serologic tests 
and an intradermal skin test for toxoplas- 
mosis were strongly positive. Sulfonamide 
therapy was beneficial but the appearance 
of hematuria necessitated discontinuance of 
the drug. Following this the patient’s con- 
dition deteriorated. The possible etiology 
of this case is discussed. 
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Editorial 

Treatment of Auricular Flutter with Digitalis 


T he use of digitalis in auricular 
fibrillation has been clearly defined 
on a rational basis for many years. 
Every doctor is familiar with the principle 
of slowing the ventricle by means of this 
drug, and all agree on the need of main- 
taining a slow ventricular rate by adequate 
continuous dosage. Restoration of normal 
mechanism is not usually anticipated and 
should it oceur is regarded as a coincidence 
or perhaps the result of improved cardiac 
function. It is confusing, therefore, to find 
in most discussions of the treatment of 
aurieular flutter — a condition so closely re- 
lated to fibrillation — an entirely different 
preseription for the use of digitalis. It is the 
fact that this prescription, obviously obso- 
lete, is still given in some widely used recent 
textbooks whieh prompts the following 
remarks. 

The procedure, as deseribed, is essentially 
as follows: Digitalis is given in large doses 
until the ventriele is slowed just as in cases 
of fibrillation. The drug is continued up to 
the point of tolerance, whereupon within 
a few days flutter may be expected to pass 
over to fibrillation. But now instead of eon- 
tinuing digitalis the drug is stopped alto- 
gether, whereupon a normal mechanism is 
said often to supervene within a few hours 
or days. It should be emphasized that the 
erueial point in the prescription is the 
stopping of digitalis as soon as fibrillation 
comes on; it is implied that continued ad- 
ministration of the drug at this point may 
prevent the return of a normal mechanism. 
Inasmuch as this prescription is so directly 


at variance with the established usage of 
digitalis in auricular fibrillation, one must 
examine the results which have been ob- 
tained with it as well as its theoretic validity. 

It appears that the first to suggest for 
auricular flutter the procedure outlined 
above (in future referred to as the “classical 
therapy”) was Sir Thomas Lewis in his 
paper of 1912.^ In the case described in 
detail digitalis was given until 4:1 bloek 
and later auricular fibrillation supervened. 
Digitalis was stopped but after eight days 
fibrillation was still present. Two weeks 
later the patient was found to have a nor- 
mal mechanism. It was in a subsequent 
paper, - however, that Lewis described more 
cases and became more em.phatic in defining 
the “classical therapy.” He eoncluded that 
“Even when it has been present many 
months, flutter may often be abolished by 
the administration of digitalis. This drug 
induces temporary fibrillation and (if digi- 
talis is stopped) the normal rhythm is 
subsequently restored and may persist.” 
In the following year Ritchie® in his book- 
on auricular flutter reported other cases in 
which the classical procedure was used. 
Ritchie remarked (p. 107) that “the fourth 
phase (of digitalis effeet) is characterized 
by restoration of physiological rhythm. In 
some instanees this may oceur while the 

^ Leuis, T. Obser\’ations upon di.sorders of the heart's 
action. Heart, 3: 279, 1911—1912. 

- Idem. Observations upon a curious and not uncom- 
mon form of extreme acceleration of the auricle. Heart, 3; 
171, 1912-1913. 

- Ritchie, tV. T. Auricular Flutter. Edinburgh ;u>d 
London. 1914. ^V. Green & Co. 
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patient is still taking digitalis but as a rule 
not until the drug has been discontinued.” 
. . . The restoration of the normal rhythm 
has been observed as early as the third or 
as late as the 23rd day after the patient has 
ceased taking digitalis.” 

It is of interest that the eight cases upon 
which the classical therapy is based do not 
really seem to give it strong support. First, 
flutter does not go over to fibrillation with 
any regularity. In the eight cases three 
failed altogether to fibrillate and in a fourth 
digitalis was given for a year before fibrilla- 
tion supervened. In two more cases normal 
rhythm was not restored when digitalis was 
withdrawn. In only three of the eight cases 
did the prescribed sequence of events really 
unfold itself, and in these the interval be- 
tween cessation of digitalis and resumption 
of normal mechanism varied greatly. 

Ritchie® in his final discussion of treat- 
ment (pp. 130-136) seems not entirely 
satisfied with the classical procedure. He 
points out that it worked in about only one- 
half of the cases and that even then there 
was likely to be a return to flutter or to 


fibrillation. He raises the question of 
whether just enough digitalis to control the 
v'^entricular rate may not be better therapy 
than the large doses which are supposed to 
induce fibrillation. 

Our own experience gives no support to 
the theory or practice of the classical 
therapy. We have seen patients with 
auricular flutter revert to a normal mecha- 
nism without any digitalis and with or 
without a recognized intervening period of 
fibrillation. Some patients have gone back 
to normal mechanism while on digitalis. 

Flutter should therefore be treated with 
digitalis on the same basis as fibrillation. 
Should flutter go over to fibrillation the 
drug should not be stopped but continued 
in order to keep the ventricle slow just as in 
any instance of auricular fibrillation. There 
is no formula whereby return of normal 
mechanism can be regularly induced by 
the use of digitalis, and quinidine should 
be used if prompt restoration is to be 
attempted. 

Arthur L. Bloomfield, m.d. 
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Some Effects of Digoxin upon the Heart and 

Circulation in Man* 

Digoxin in Left Ventricular Failure 

Rejane M. Harvey, m.d., M. Irene Ferrer, m.d., Richard T. Cathcart, m.d., 
Dickinson W. Richards, Jr., m.d. and Andre Cournand, m.d. 

New York, New York 


T he advent of the catheterization 
technic has not only prompted in- 
vestigation of the hemodynamics of 
cardiac failure but also has stimulated re- 
newed interest in the study of cardiovascular 
drugs in man. The entire problem of cardiac 
insufficiency is at present being re-examined 
in many clinical laboratories. B eyond di ffer- 
en tiating high output and low ou tp,ut-types 
of c ^diac failure. littfe~has b^n done to 
de Enein detail the complexity of the .pjb-vsio- 
p atholosfic factors wh ich-mav— be-involved 
in a single case. This definition is not only 
important” to the better understanding of 
cardiac abnormalities but is crucial in any 
pharmacologic investigation. Therefore, it 
has become increasingly evident that a 
detailed analysis of both the clinical and 
physiologic status of the patient at the time 
of the drug study is essential. When the 
hemodynamic pattern is well defined, this 
analysis contributes much to the under- 
standing of the natural history of certain 
disease processes and the subsequent physi- 
ologic alterations produced thereby. In 
addition it may afford the opportunity 
of isolating groups of cases with similar 
physiopathology. 

Drug effects are frequently clarified when 
studied in groups of patients with similar 
hemodynamic patterns. The majority of 
investigations on the effect of digitalis 


preparations have been carried out in 
patients with advanced heart disease in 
whom the physiologic alterations are mu- 
tually dependent one upon another and are 
numerous and complex and variable from 
one patient to another. In such cases it is 
often difficult to assess the exact mode of 
action of the drug. If, however, a group of 
patients is found in which the altered hemo- 
dynamics spring from a simple rather than 
a complex physiologic abnormality and the 
number of variables is minimal, a more 
precise delineation of tlie action of a drug 
on the circulation can be attempted. 

Patients mth pure left-sided heart failure 
comprise such a group. This type of case is 
difficult to find and hence this report in- 
cludes observations on only five patients 
treated with digoxin. In order to elucidate 
the hemodynamic responses observed when 
left ventricular failure is relieved by medi- 
cation an additional case of a patient with 
left ventricular failure treated with quini- 
dine is presented. As a contrast the effect of 
digoxin in one case of chronic cor pulmonale 
in congestive heart failure, chosen from a 
group of patients currently being studied, is 
discussed. The latter case illustrates the 
reaction of the circulation to digoxin when 
an entirely different state exists, namely, 
pure right-sided failure. 


* From the Department of Medicine, Columbia University College of Physicians and Surgeons, and the Cardio- 
pulmonary Laboratory of the First Medical and Chest Services (Columbia University Division), Bellevue Hospital, 
New York, N. Y. The work described in this paper was supported by a grant from the Life Insurance Medical Research 
Fund, with additional support provided by the Commonwealth Fund. 
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MATERIAL AND METHODS 

The six patients with left-sided failure include 
three \vith hypertensive cardiovascular disease, 
one with hypertensive cardiovascular disease 
and arteriosclerotic heart disease and t^s’o with 
rheumatic heart disease. The criteria used for 
diagnosis %vere those of the American Heart 
Association. The functional and therapeutic 
classification represents the status of the patient 
at the time of the study. It is worthy of com- 
.ment that five of these patients had symptoms 
of paroxysmal nocturnal dyspnea, orthopnea 
and exertional dyspnea in varying degrees of 
severity but none had pulmonary rales or 
rhonchi. Of the five patients with symptoms 
four had an apical diastolic gallop. The patient 
receiving quinidine had been digitalized and 
had neither symptoms, signs nor gallop rhythm, 
but the hemodynamic studies revealed pulmon- 
ary' hypertension, presumably due to left-sided 
heart failure. 

The method of investigation used in this study 
was similar to that discussed in a previous re- 
port* with the exception that no sedation was 
used. A control electrocardiogram, including 
six precordial v leads and the augmented uni- 
polar limb leads, was taken before introduction 
of the catheter and the intra-arterial needle. In 
all of these cases a double lumen catheter was 
used. This type of catheter permits registration 
of both right ventricle and pulmonary' artery 
pre.ssurc curves throughout the study, eliminat- 
ing further manipulation of the catheter once 
it is properly located. No attempt was made to 
secure right auricular mean pressures since the 
right ventricular end diastolic pressure is a 
better indication of the filling pressure of the 
right heart. Pressure curves were recorded by 
Hamilton manometers and analysis of them has 
been amply de.scribed previously.* A control 
cardiac output"'^ and blood volume determina- 
tions* were done before administration of 
digoxin. All mi.xcd venous blood samples were 
drawn from the pulmonary artery'. Digoxin, 1.0 
to 1.5 mg. in 30 cc. of physiologic saline, was 
injected through the catheter into the pulmo- 
nary artety over a five-minute period. Blood 
pressures were recorded at the conclu.sion of the 
injection and every ten to fifteen minutes for 
one to one and one-half hours thereafter. Two 
subsequent cardiac output determinations were 
made. The study was concluded with a second 
complete electrocardiogram. Heart rate was 


computed from the electrocardiogram which 
was taken continuously on lead n. Total 
peripheral resistance teas calculated as pre- 
viously described.* 

It is obvious that maintenance of the patient 
in a constantly steady state is essential to this 
type of study'. Any' untoward reaction noted 
during the procedure demands correction of the 
underly'ing cause or immediate cessation of the 
investigation. A note of caution should be struck 
here concerning cardiac arrhythmias during 
catheterization. As was just mentioned the elec- 
trocardiogram was observed constantly through- 
out the study. Manipulation of the catheter tip 
in the tricuspid area and \\'ithin the right 
ventricle frequently causes ventricular pre- 
mature contractions to appear. In one hundred 
cardiac patients catheterized over a period of 
eighteen months transient right bundle branch 
block appeared during the procedure in two 
cases and the block disappeared as soon as the 
catheter was removed from the cavity of the 
right ventricle. Manipulation of the tip of 
the catheter in the region of the interventricular 
septum, especially at the outflow tract, may 
produce short runs of ventricular tachycardia. 
It is therefore inadvisable to leave the free tip 
of the catheter in the right ventricle for any 
length of time or to manipulate it back and 
forth across the pulmonic valve; hence the 
advantage of the double lumen catheter. The 
arrhythmias arc not only in themselves poten- 
tially dangerous to the patient but radically 
alter the dynamics of the circulation, caus- 
ing both blood pressure and cardiac output 
to change. In this group of one hundred cardiac 
patients no serious complications ensued from 
the catheterization procedure ns a result of the 
strict precautions taken. 

In any evaluation of changes produced by 
medication it is important to ascertain the range 
of variation expected with the technics em- 
ployed — in this instance, the catheterization 
procedure. Ideally', such data should be ob- 
tained in a group of patients undergoing the 
same procedure but to w'hom no drug was given. 
In addition data could be obtained durint; 
control periods preceding administration of the 
drug. Tables i and ii contain data on cardiac 
output determinations obtained in the former 
manner while in Table in arc tabulated the 
blood pressure variation.s obser\’ed in a per- 
ipheral artery and in the right heart during ilie 
control periods before medication was given. 
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Control figures, shown in Table i, have been 
obtained by analyzing statistically the data on 
two separate and successive measurements of 
cardiac output in all the patients who had been 
studied solely for diagnostic reasons over the 
same eighteen-month period during which the 
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made in aU but one patient in this series. The 
analysis of differences presented in Table ii 
gives the mean difference and the range ol 
variation to be expected when a second deter- 
mination is made within approximately thirty 
minutes of the first. It can be concluded there- 


T.able I 

STATISTICS OF TWO SUCCESSnT; DETERMINATIONS OF CARDIAC OUTPUT IN T\\’ENTY CONTROL PATIENTS 


NOT RECEIVING MEDiaATION 



First Determination 

Second Determination 

1 

Mean 

S.E. 

Range 

Mean 


Range 

Oxygen consumption, cc./min./M.- 

140 

± 2.6 

158-107 

137 

±2.3 

156-119 

Cardiac index, L./min./M.- 

3.46 

± .19 


3.42 

± .19 

5.19-2.02 

A-V difference, volume per cent 

4.3 

± .23 

6 . 8-3.0 

4.3 

± .26 

7. 0-2 . 8 

Pulse rate, beat/min 

77 

± .35 

i 

117-54 

76 

1 

1 

± .35 

117-52 

1 


Average time between two successive determinations = 27 minutes (range 11 to 60). 

Average time between beginning of study and second determination = 148 minutes (range 48 to 186). 


digoxin studies were pursued. None of these pa- 
tients had congenital heart defects. They were 
studied by three different catheterization teams 
using the same laboratory and essentially the 
same procedure. None of these patients received 
any drug during the study nor were they sub- 
jected to any other procedures, such as pressure 
breathing or exercise. The average time between 
the first and second determinations was twenty- 
seven minutes and the length of time the patient 
was on the fluoroscopic table before the second 
determination was made averaged two and one- 
half hours. 

It can be seen from Table i that the mean 
values of oxygen consumption, cardiac inde.x, 
o.xygen arteriovenous difference and pulse rate 
are almost identical in the first and second 
determinations. The correlation coefficient be- 
tween the two successive determinations of 
oxygen consumption and two successive meas- 
urements of cardiac index are very high, respec- 
tively, r = .734 and r = .999 {p for both 
<0.0004). Further statistical analysis indicates 
that there is no sisrnificant correlation between 

O 

the variation in o.xygen consumption and either 
the time between the beginning of the study 
and the second determination or the total time 
separating both determinations. Therefore the 
factor of time as a variant may, within the given 
limits, be neglected. Since it is necessary' to 
expedite the procedure in cardiacs, only one 
control determination of cardiac output was 


fore that if the oxygen consumption following 
injection of the drug does not vary from the 
control value by more than —18 to +12 cc. any 
cardiac output change greater than 9 per cent 
of the control measurement is due to the action 
of the drug. 

Table ii 

ANALYSIS OF DIFFERENCES BETWTiF.N TWO SUCCESSIVE 
MEASUREMENTS OF CARDIAC OUTPUT IN TW'ENTT’ 
CONTROL PATIENTS NOT RECEIVING MEDIC.ATION 



Mean 

Differ- 

ence 

Range 

Cardiac output in per cent of 
first determination 

4.8 

-9.0 to +9.2 

O.xygen consumption in cc./ 
min./M." bodv surface 

i 

7.0 

-18 to +12 

Arteriovenous difference in vol- 
ume per cent 

0.2 

— 0 . 3 to + 0 . 5 

Heart rate in beats per minute . 

2.0 

— 6 to +4 


The range within which blood pressure 
measurements varied during the catheterization 
procedure is presented in Table in. To obtain 
these data an analysis was made of the control 
periods of nventy-three cardiac patients who 
subsequently recewed digoxin and in whom 
pulmonar)' artery, right ventricular and peri- 
pheral arterial pressures were repeatedly meas- 
ured. The period of control obser\'ation aver- 
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aged thirty-tNvo minutes, and the number of 
observations averaged three per patient. From 
this table it is evident that variations in pres- 
sures as measured by this technic are minimal 
in the right heart and somewhat larger in the 
peripheral artery. 

Table in 

ANALYSIS OF DIFFERENCES BETWEEN REPEATED CONTROL 
MEASUREMENTS OF BLOOD PRESSURES IN A GROUP OF 
TIS-ENTi'-THREE CARDIAC PATIENTS 



Mean 

Differ- 

ence 

1 

Ran^e 

Arterial blood pressures in mm. 

Hg 

Systolic 

1 

1 

11 1 

-16 to +29 

Diastolic 

5.8 

-6 to +13 

Mean 

9 3 

-12 to +18 

Pulmonary arterial pressures in 
mm. Hg 

Systolic 

1 9 ' 

-4 to +5 

Diastolic 

1 5 

-4 to +1 

Mean .... 

1.9 

-5 to +5 

Right ventricular end diastolic 
pressure in mm. Hg . 

1 4 

—2 to +4 


Average time duration of control period = thirty-two 
minutes. 

Average number of determinations in each patient = 
three. 

The range of variation in these control studies 
(Tables n and in) is considerably less than in 
those previously published.^ This difference 
may be partially accounted for by an increased 
c.xpericnce in use of the technic in cardiac pa- 
tients and also by the fact that during the period 
of obscrA’ation no other procedure intert^ened 
between the measurements. In the previously 
reported “control” series positive pressure 
breathing was given bettveen measurements. 

The stable state of the patient in these studies, 
as indicated by the aforementioned data, con- 
sidcralily adds to the validity of the changes 
observed following drug administration. 

The upper limit of normal pressure values 
used in this labora tors’ arc as follows; Pul- 
monary' artery and right ventricular systolic 
prc.ssure = 30 mm. Hg, pulmonary artery 
diastolic pressure =10 mm. Hg, pulmonary 
artery mean pressure = 15 mm. Hg. right 
ventricular end diastolic pressure = 5.0 mm. 
Hit. The range of variation in cardiac output 
among normal subjects, in L./min./sq. m. body 
surface area is between 2./0 and 3.50. 


RESULTS 

The first three patients listed in Tables iv 
and viiA had marked systemic hypertension 
and clinical manifestations of simple left 
ventricular failure. Clinically and physio- 
logically the first patient (P. A.) showed the 
least degree of failure while the other two 
had signs of more advanced hypertensive 
disease. The control pulmonary artery’ 
systolic, diastolic and mean pressures of all 
were elevated. (Table i\l) The end diastolic 
pressure of the right ventricle however was 
normal, indicating a normal right auricular 
and peripheral venous pressure. The cardiac 
output was normal in one patient (P. A.), 
low normal in a second (J. B.) and reduced 
in the third (G. R.). Peripheral resistance 
was increased in all three patients, and the 
total and plasma blood volumes slightly 
increased in all three. 

After administration of digoxin all three 
patients had a marked decrease in the 
lesser circulation hy^pertension. It is note- 
worthy that the end diastolic pressure in the 
right ventricle did not change. In each of 
these three patients the cardiac output rose 
36 per cent, 22 per cent and 77 per cent, 
respectively, and the stroke volume in- 
creased markedly, 26 per cent, 53 per cent 
and 128, respectively. There was no con- 
sistent change in arterial blood prcssurc.s, 
one patient (P. A.) showing no change, the 
second (J. B.) a rise in systolic and mean 
pressures and a third (C7. R-) s 
systolic with a fall in diastolic and no change 
in the mean pressure. The peripheral 
resistance was reduced in all three patients. 
One patient (P. A.) showed no change in 
rate, a second patient (J. B.) a minimal 
slowing and the third patient (G. R-) 
showed a moderate slowing of the heart 
rate. Figure 1, shoiving the effect of digoxin 
in the patient. J. B., is illustrative of all 
three cases. 

A fourth patient (T. B.), Tables iv. vn-' 
and Figure 2. had both hypertensive and 
arteriosclerotic heart disease and an old 
myocardial infarct. He presented the clini- 
cal picture of the previous three patients 
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and, in addition to the lesser circulation 
hypertension, had a very low cardiac output 
and stroke volume and a greater increase in 
total blood volume than the previous pa- 
tients. Following digoxin this patient also 
exhibited a fall in the pulmonary pressures 
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output and stroke volume. It must be 
emphasized that with aortic insufficiency 
this stroke volume is merely an estimation, 
and the regurgitation per se probably plays 
a role in lowering the effective cardiac 
output. The typical pressure abnormalities 



Fig. 1. The effect of intravenous digoxin in a case of left ventricular failure. 
Closed triangles = stroke volume; closed squares = cardiac inde.x; closed 
circles = pulmonary artery systolic and diastolic, and right ventricular end 
diastolic pressures; open circles = brachial artery systolic and diastolic pres- 
sures; cross marks = mean pressures. The normal mean values and approximate 
range of variation are plotted in the first vertical column. Note (1) the increase in 
stroke volume and cardiac output accompanied by a fall to normal of the ele- 
vated pulmonary artery pressures, following administration of the drug, (2) the 
absence of change in the right ventricular end diastolic pressure and (3) the 
brachial artery pulse pressure increase. 


from hypertensive to normal levels but 
responded with a smaller increase in 
cardiac output (12 per cent) and stroke 
volume (32 per cent). There was no change 
in arterial blood pressure, peripheral resist- 
ance or heart rate. Again the end diastolic 
pressure in the right ventricle was unaltered. 

The fifth patient (R. M.), Tables iv, 
ViiA and Figure 3, with rheumatic heart 
disease, mitral stenosis and insufficiency and 
aortic insufficiency, had a very low cardiac 


of pure left-sided failure were noted. The 
blood volume was normal and peripheral 
resistance increased. After digoxin there 
was a marked increase in cardiac output 
and stroke volume (47 per cent and 83 per 
cent, respectively) and a fall to normal of 
the elevated pulmonary artery pressures. 
There was no change in right ventricular end 
diastolic pressure or in arterial blood pres- 
sures. There was a fall in peripheral resistance 
and the heart rate was definitely slowed. 
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T.\ble IV 


EFFECT OF INTRAVENOUS DIGOXIN ON BLOOD PRESSURES, CARDIAC OUTPUT, STROKE VOLUME AND HEART 
RATE IN FIVE PATIENTS WITH LEFT-SIDED HEART FAILURE 


Case 

Time 

(min.) 

Brachial 
.Artery 
(mm. Hg) 
s/d m 

Pulmonary 
Artery 
(mm. Hg) 
s/d m 

Right 
A^cntricle 
(mm. Hg) 
s/d 

Cardiac 

Output 

(L./min.) 

Stroke 

t'olumc 

(cc.) 

Heart 

Rate 

(Beats 

min.) 

P. A., male, fifty-eight years 

Control 

200/100 

144 






75 

old; B.S.A. 1.91; HCVD, 


210/99 

145 

36/16 

28 




83 

RH, NSR, PND, me 


194/94 

132 

34/12 

25 


6.78 

87 

78 



199/99 

140 

33/12 

24 

33/5 

6.82 

88 

78 


7* 

204/101 

142 

32/11 

24 




75 


13 






8.56 

110 

78 


14 

212/98 

141 

26/12 

19 




78 


27 

212/97 

142 

30/11 

22 

28/5 



75 


36 

202/90 

133 

29/9 

21 

28/5 



77 


48 

206/90 

133 

28/9 

20 




68 


58 

214/94 

138 

26/9 

18 






63 






8.24 

no 

75 


67 

210/92 

137 

25/8 

17 




75 


85 

217/99 

139 

25/11 

17 

26/6 



75 

J. B., male, thirty-one years old; 

Control 

219/146 

172 

47/20 

32 

47/-3 



100 

B.S.A. 2.0; HCVD, EH, 


244/156 

189 

47/19 

30 

47/-2 



100 

NSR gallop, PND, IVD, 


247/148 

185 

48/20 

33 

48/-1 

5.59 

53 

104 

arteriolar nephrosclerosis with 

6* 



47/23 

36 

47/-2 



93 

uremia and anemia; hyper- 

10 

276/159 

199 

32/15 

23 

30/0 



88 

tensive retinopathy and en- 

18 

278/154 

201 

26/12 

19 

28/0 



88 

cephalopathy 

33 

268/145 

183 

28/11 

20 




88 


48 






6.76 

77 

88 


54 

265/144 

162 

26/12 

20 

26/ -1 


. . . 

88 


70 



29/13 

19 

30/0 



86 


84 






6.83 

79 

86 


88 



33/16 

23 

30/0 



86 


95 


164 



28/-2 



93 

G. R., male, fifty-four years old; 

Control 

197/128 

152 

60/43 

48 

60/3 



120 

B.S.A. 1.78; HCVD, EH, 


215/144 

166 


50 


3.92 

33 

120 

NST gallop, PND, IW, hy- 


203/138 

158 

... . 

53 




120 

pertensive retinopathy 

23* 





! 

5.35 

54 

100 

28 

224/115 

155 

48/16 

30 

48/3 



100 


38 

221/115 

153 

44/15 

25 

44/2 1 



100 


70 

202/100 

138 

37/13 

21 

37/2 1 



93 


78 





i 

6.95 

75 

93 

T. B., male, fiftv-ninc years old; 

Control 

148/85 

106 

40/22 

26 

40/1 I 

4.10 i 

53 

78 

B.S.A. 1.93; HCVD, ASHD, 


137/80 

102 

40/20 

26 

' 

.... 


7B 

EH, CS, ME, old infarct. 

9* 

149/85 

107 

33/17 

21 

t 

1 


71 

NSR, LBBB, gallop, P.ND, 

14 

146/80 

102 

30/14 

18 

30/2 1 

., . 1 


65 

ancina, IIIC 

20 





j 

4 55 1 

70 . 

65 


25 

151/83 

105 

29/17 

21 

! 


... 1 

65 


30 

144/78 

99 

27/10 

15 

27/2 i 


• • 1 

65 


55 




1 

1 

4 39 

68 ; 

65 


42 

154/86 

103 

25/13 

17 

25/1 



6B 


52 

140^79 

96 

23/11 

15 

23/1 



71 


69 

146/82 

101 

24/11 


24/2 



65 
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Table iv {Continued) 


Case 

Time 

(min.) 

Brachial 
Artery 
(mm. Hg) 
s/d m 

Pulmonary 
Artery 
(mm. Hg) 
s/d m 

Right 
Ventricle 
(mm. Hg) 
s/d 

Cardiac 

Output 

(L./min.) 

Stroke 

Volume 

(cc.) 

Heart 

Rate 

(Beats 

min.) 

R. M., male, forty-nine years 

Control 


100 

56/31 

39 

56/3 

2.13 

23 

94 

old; B.S.A. 1.33; RHD, EH, 

6t 

143/50 

93 

49/19 

30 

49/0 



78 

MS, MI, AI, NSR, LBBB, 

18 

154/51 

98 

28/10 

17 

28/0 



75 

gallop, PND, me 

27 

150/47 

94 

20/7 

9 

20/0 



75 


33 






2.98 

40 

75 


38 

162/52 

100 

20/9 

13 

20/0 



75 


47 

153/48 

93 

18/6 

9 

18/0 



75 


54 






3.13 

42 

75 


60 

156/48 

94 

19/8 

11 

19/0 



75 


* Time after start of injection of 1.5 mg. digoxin. 
t Time after start of injection of 1 .0 mg. digoxin. 
j = systolic, d = diastolic, m = mean. 

B.S.A. = Body surface area in square meters. 
ASHD = Arteriosclerotic heart disease. 

HCVD = Hypertensive cardiovascular disease. 
RHD = Rheumatic heart disease. 

AI = Aortic insufficiency. 


CS 

= Coronary sclerosis. 

EH 

= Enlarged heart. 

MI 

= Mitral insufficiency. 

MF 

= Myocardial fibrosis. 

MS 

= Mitral stenosis. 

PND 

= Paroxysmal nocturnal dyspnea. 

NSR 

= Normal sinus rhythm. 

LBBB 

= Left bundle branch block 


T.B. .HCVD *HD ASHD 



Fig. 2. The effect of digoxin in left ventricular failure. (For symbols see Figure 1 .) 
Note (1) the initially low cardiac output, (2) the smaller increase in cardiac out- 
put as compared to the other cases, (3) marked pressure drop in the pulmonary 
artery, (4) no change in right ventricular end diastolic pressure and (5) insignifi- 
cant changes in brachial artery pulse pressure. 
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I'lc. S.^Thc cfTcct of cligoxin in left ventricular failure. (For symbols sec Figure 1 .) 
The hemodynamic response is identical with that in the previous cases (Figs. 1 
and 2). 


Table v 

EFi’ECT OF QUIMDINX SCLFATE ON BLOOD PRESSURES, CARDIAC OUTPUT, STROKE VOLUME AND HEART 
RATE IN A FULLY DIGITALI7ED PATIENT WITH RHEUMATIC HEART DISEASE AND LEFT-SIDED FAILURE 


Brachial 
Time Artcr>' 

(min.) (mm. Hg) 
sjd ni 


J. L., male, si\tv-thice vears Control 
old; B.S..\. 1.43; RHD. EH. 

M.S. .\fl, AI, XSR, me 29* 

54 
62 
i / 

92 

91 

IIT 

132 


147/77 

106 

150/79 

109 

134/70 

9~ 

109/56 

73 

101 '55 

14 

99/53 

"2 

102,56 

■’S 

109 59 

82 


* Time after O.S Gm. qiiinidinr «iilfatc by moutli. 
< ■- ss-stolir. <! — diactolic. r’ = mean. 

RIID — Rhrtimatir h'-art di'i-a^e. 

.\1 .\ortic in'ufTiri'-ncw 


1 

Pulmonary Right 1 p.,rHinr 

Artery ^ Ventricle j p. , \ 
(mm. Hg) (mm. Hg) , ^ | 

S/d rn s'd ' 

1 ^ 

Stroke 

Volume 

(cc.) 

1 

1 Heart 
j Rate 
(Beats 
min.) 

40/14 , 23 40/2 , 2 93 ^ 

43 i 

68 

68 



75 



75 

30/7 15 


75 

4 02 

54 ; 

/D 

31 9 16 



26/0 


/D 

3 50 

47 

75 

25 2 

1 

to 


EH = Enlarged heart. 

MI = Mitral insufTiciency. 

M.S ~ .Mural stenosis. 

NSR = Xormal 'inus rhythm. 
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In summary, these five patients with left- 
sided heart failure responded to digoxin in 
exactly the same manner; without change 
in right heart end diastolic pressure the 
cardiac output and stroke volume rose 
and the pulmonary hypertension was di- 



Fig. 4. The effect of quinidine sulfate in left ventricu- 
lar failure. (For symbols see Figure 1.) Note that 
following a decrease in peripheral resistance induced 
by quinidine, there was (1) a rise in stroke volume 
and cardiac output, (2) a fall in pulmonary artery 
pressures and (3) no change in right ventricular end 
diastolic pressure. 

minished. The apical diastolic gallop found 
in four patients disappeared after digoxin. 
In two patients the heart rate fell signifi- 
cantly. The peripheral resistance was de- 
creased in four. 

The data in a patient with left-sided 
heart failure who received quinidine is 
presented in Tables v, viib and Figure 4. 
This patient with rheumatic heart disease 
was digitalized and symptom-free on bed 
rest but nevertheless had pulmonary hyper- 
tension and a low cardiac output and stroke 
volume. There was a normal end diastolic 
pressure in the right ventricle, a normal 
blood volume and increased peripheral 
resistance. Quinidine, 0.8 Gm. orally, pro- 
duced a marked fall in arterial blood pres- 
sure, a fall in peripheral resistance and a 
rise of 37 per cent in cardiac output and 26 
per cent in stroke volume, with a return to 


normal of the elevated pulmonary artery 
pressures. The heart rate did not vary 
significantly. 

In contrast to these patients is a patient 
with chronic cor pulmonale in congestive 
failure who was also treated with digoxin. 



Fig. 5. The effect of digoxin in right heart failure due 
to cor pulmonale. (For symbols see Figure 1.) Note 
that (1) the initially elevated cardiac output rose 
considerably after digoxin, (2) the elevated right 
ventricular end diastolic pressure returned to normal 
and (3) with the increase in stroke volume the pul- 
monary artery systolic pressure rose, a response 
different from the pulmonary artery response in 
patients in left ventricular failure. 


(Tables vi, viic and Fig. 5.) The elevated 
pulmonary artery pressures were accom- 
panied by an elevated end diastolic pressure 
in the right ventricle as would be expected 
in congestive right-sided heart failure. 
Clinically the patient had an enlarged liver 
and peripheral edema. The elevated cardiac 
output, polycythemia with increased total 
blood and plasma volumes and arterial blood 
oxygen unsaturation complete the classical 
picture of cor pulmonale in cardiac failure. 

Following injection of 1.5 mg. of digoxin 
there was an increase of 16 per cent in 
cardiac output and of 26 per cent in stroke 
volume. (Tables vi and vnc.) The response 
of the pulmonary circulation to this rise in 
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output was in sharp contrast to that demon- 
strated by the patients with left heart 
failure. The elevated right ventricular end 
diastolic pressure returned to normal with 
the increase in stroke volume. The pulmo- 
nary artery and right ventricular systolic 


one-tenth the resistance in the systemic 
circulation. Furthermore, the deformability 
of the pulmonary system is such that it can 
accommodate a three-fold cardiac output 
increase without pressure changes in the 
pulmonary artery.®’® 


Table vi 

EFFECT OF DIGOXIN ON BLOOD PRESSURES, CARDIAC OUTPUT, STROKE VOLUME AND HEART RATE IN A 
PATIENT WITH COR PULMONALE AND CONGESTIVE HEART FAILURE 


Case 

Time 

(min.) 

Brachial 
Artery 
(mm. Hg) 
sjd m 

Pulmonary 
Artery 
(mm. Hg) 
s/d m 

Right 
Ventricle 
(mm. Hg) 
s/d 

Cardiac 

Output 

(L./min.) 

Stroke 

Volume 

(cc.) 

Heart 

Rate 

(Beats 

min.) 

A. D., female, fifty-five years 

Control 

140/75 

103 

63/29 

44 

63/10 



97 

old; B.S.A. 1.65; cor pul- 


160/71 

95 



62/11 

10.0 

103 

97 

monale. EH, NSR, chronic 

1* 

XAlpl 

106 

62/22 

41 

62/8 



88 

bronchial asthma; mild em- 

14 

150/74 

107 

62/22 

41 

62/8 



85 

physema 

29 

MZpl 

104 

65/22 

41 

65/8 



88 


38 

161/74 

no 

66/23 

43 

66/9 



88 


46 

152/71 

102 

(><)/2'i 

44 

69/S 



88 


53 






11 .6 

130 

88 


60 

144/68 

96 

73/23 

44 




88 


73 

145/67 

99 

69/25 

42 

69/5 



88 


82 






11.6 

130 

88 


86 

159/75 

108 

1A/Z(, 

45 

74/4 



88 


* Time after start of injection of 1.5 mg. digoxin. EH = Enlarged heart. 

s = systolic, d = diastolic, m = mean. NSR = Normal sinus rhythm. 


pressures, however, showed an increase 
after digoxin. The systolic pressure in the 
pulmonary artery and right ventricle rose 
from 63 to 74 mm. Hg without any striking 
change in pulmonary artery diastolic or 
mean pressures. Changes were minimal in 
peripheral resistance and arterial pressures. 
The heart rate slowed slightly. 

COMMENTS 

The feature held to be characteristic of 
left heart failure is pulmonary congestion. 
In order to evaluate the various mecha- 
nisms concerned in the production of such 
congestion a comment on the known char- 
acteristics of pulmonary circulation in man 
becomes necessary. 

The pulmonary vascular system is char- 
acterized by low resistance because of easy 
deformability and, therefore, increased dis- 
tensibility. Measurement of pressures and 
flow indicates that in the normal pulmonary 
circulation the resistance at rest is about 


In any discussion of the pulmonary 
vascular system not only its inherent char- 
acteristics must be considered but also the 
influence of left auricular pressure variations 
must be evaluated. There are anatomic and 
physiologic differences between the two 
sides of the heart. As Cournand' originally 
commented, “There are differences be- 
tween (a) the two auricles, the left auricular 
wall being thicker than the right; (b) their 
venous reservoir, the four pulmonary veins 
being shorter and their diameter smaller 
than the superior or inferior vena cava; and 
(c) both ventricles, the muscular develop- 
ment of the left ventricle being much 
greater than the right. These anatomic 
differences suggest that the left auricle is 
less deformable than the right, that its 
venous reservoir has a smaller capacity, and 
finally that effects of muscular activity of 
the left ventricle upon volume and tension 
in the left auricle may be more pronounced 
than similar activity of the right ventricle 
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Table vii 

PHYSIOLOGIC DATA CONCERNING CARDIAC OUTPUT AND BLOOD VOLUME IN (1) FIVE PATIENTS WITH 
LEFT-SIDED HEART FAILURE TREATED WITH DIGOXIN, (2) ONE PATIENT WITH LEFT-SIDED FAILURE 
TREATED WITH QUINIDINE AND (3) ONE PATIENT WITH COR PULMONALE TREATED 

WITH DIGOXIN 


Case 

Time 

(min.) 

Cardiac 
Index 
(L./min./ 
M.2 BSA) 

Oxygen 

Consump- 

tion 

(cc./min./ 
M.= BSA) 

AV 

Oxygen 

Differ- 

ence 

(vol. 

%) 

Arterial 

Periph- 

eral 

Resist- 

ance 

(dynes 

sec. 

cm.~^) 

Blood Volume § 

Blood 
Content 
(vol. %) 

Oxygen 
Capacity 
(vol. %) 

Satura- 

tion 

(%) 

TBV** 

(cc./M.= 

PVtt 

BSA) 

Hemato- 

crit 

(%) 

(1) 

P. A. 

Control 


160 

4.5 

n 

■ 


n 

2870 

1810 

37 




160 

4.4 


WEB 

97.5 






13* 

4.47 

161 

3.6 

15.4 

mSM 

96.0 

1315 





63 

4.45 

160 

3.6 

15.4 

16.4 

96.0 

1330 




J. B. 

Control 

2.77 

177 

6.4 

12.5 

14.8 

86.0 

2650 

3085 

2063 

33 


48* 

3.35 

164 

4.9 

11.9 

13.6 

89.0 

1915 




1 

84 

3.38 

162 

4.8 

11.6 

13.3 

89.0 

1920 




G. R. 

Control 

2.20 

154 

7.0 

16.7 

17.6 

95.0 

3490 

3138 

1740 

45 


23* 

3.00 

154 

5.2 

16.6 



2555 





78 

3.91 

152 

3.9 

15.9 

— 


1590 




T. B. 

Control 

2.14 


6.9 

1 

19.9 

20.6 ’ 

97.5 

2020 

3680 ’ 

1928 

48 


20* 

2.37 


6.0 

18.7 

20.6 

91.6 






35 

2.29 


5.6 

18.6 



1880 




R. M. 

Control 

1.60 

MM 

9.7 

17.5 

19.1 



2670 

1465 

45 


33 1 

2.23 


7.0 

17.0 

17.9 

mgm 






54 

2.35 

160 

6.8 

16.7 


H 

2400 

j 



(2) 

J- L. 

Control 

2.05 

121 

5.9 

18.8 

19.8 

95.9 

2980 

2790 




771 

2.81 

127 

4.5 

18.3 

19.7 

93.8 

1500 


mu 



117 

2.45 

127 

5.2 

18.1 

19.0 

1 

96.0 

1875 

1 


■ 


(3) 

A. D. 

Control 

6.06 

mm 

2.8 

n 

20.5 

PI 

720 

6060 

2043 

66 


53* 

7.05 




20.4 


625 





82 

7.04 

162 


H 

20.3 

j 

61 .0 

725 





* Time after start of injection of 1.5 mg. digoxin. ** TBV == Total blood volume, 

t Time after start of injection of 1.0 mg. digoxin. ft PV = Plasma volume, 

i Time after 0.8 Gm. quinidine sulfate by mouth. 


§ Predicted Values; Total Blood Plasma Hematocrit 

Male 2900 1600 45 

Female 2670 1600 40 
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upon volume and tension in the right 
auricle.” There is increasing evidence that 
mean pressure in the left auricle is normally 
higher than in the right auricle and that 
the distensibility of the left ventricle, left 
auricle and pulmonary veins is less than it 
is in similar structures of the right heart. 
This evidence stems from direct measure- 
ments of left auricular pressure curves in 
man/ and a similar conclusion is reached 
from the indirect measurements reported by 
Dexter® and Werko.® The characteristic 
difference between the two auricles has 
recently been confirmed in dogs by Opdyke 
et al.^® 

It follows from these studies that for the 
same volume change there will be a greater 
pressure change in the left heart and pul- 
monary veins than would be found in the 
right heart and systemic veins during any 
one cardiac cycle. This in turn probably 
favors the onset of pulmonary congestion 
earlier than systemic congestion for a com- 
parable increase in residual volume of the 
two ventricles. Furthermore, the mean 
pressure difference between the pulmonary 
artery and the left auricle in normal sub- 
jects is very small, probably less than 10 
mm. Hg. As the arterioles and precapillaries 
have very little smooth muscle most of the 
pressure drop must be between the main 
pulmonary artery and its branches. Con- 
versely, with resistance in pulmonary arte- 
rioles unchanged any increase in pressure 
in the pulmonary veins must easily raise 
the pressure in the capillaries, precapillaries 
and arterioles and eventually effect a rise 
in the mean pulmonary arterial pressure. 

Failure of the left heart results in an 
increase in the residual blood volume in the 
left ventricle and auricle and hence pro- 
duces an increase in pressure in the latter 
chamber which is easily reflected through- 
out the pulmonary vascular tree producing 
pulmonary hypertension. Clinically this is 
expressed as pulmonary congestion. 

It is quite obvious that pulmonar^'^ hyper- 
tension may also be a manifestation of ab- 
normalities of the pulmonary vascular bed 


resulting from a diminution in capacity of 
the arteriolar and capillary system. 

The five patients treated with digoxin 
clinically had evidence of left-sided failure. 
In four of these patients failure of the left 
ventricle to empty adequately resulted in an 
increase in residual blood in the left 
ventricle with a subsequent increase in 
filling pressure. In one patient (R. M.) the 
mitral stenosis itself might have produced 
elevation of the pressure in the left auricle 
for mechanical reasons. However, aortic 
insufficiency could have been the cause of 
left ventricular failure and of the rise in left 
auricular pressure. 

In all these patients an increased stroke 
volume occurred concomitantly with a 
reduction in the pulmonary hypertension 
following digoxin administration. This sug- 
gests a more adequate emptying of the left 
ventricle and a reduction in the residual 
blood volume of this chamber and left 
auricle. The increased systemic flow ob- 
viously results in an increased return of 
blood to the right heart. This was accom- 
plished, however, without detectable change 
in the end diastolic pressure of the right 
ventricle. This is the characteristic response 
of a normally functioning right heart in 
which large volume changes are associated 
with minimal filling pressure increase.^®'" 
Since the pulmonary pressures of the pa- 
tient with rheumatic heart disease, mitral 
stenosis and aortic insufficiency (R. M.) fell 
to normal after administration of digoxin, it 
is difficult to escape the conclusion that his 
pulmonary hypertension was the result of 
failure of the left ventricle to empty ade- 
quately rather than the result of mechanical 
obstruction at the mitral valve. 

In the patient (J. L.) treated with quini- 
dine, who also had mitral stenosis and aortic 
insufficiency, the pulmonary artery pres- 
sures also returned to normal levels. This 
suggests that left ventricular failure rather 
than mechanical obstruction at the mitral 
valve produced pulmonary hypertension. 
With the peripheral vasodilatation pro- 
duced by quinidine the left ventricle was 
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able to empty more completely, thus 
reducing the pressures in the lesser circula- 
tion. This is further evidence of the im- 
portance of the action of the left ventricle 
upon the pulmonary circulation. 

An entirely different physiologic situation 
existed in the patient with chronic cor 
pulmonale and pulmonary hypertension. In 
this instance reduction in pulmonary arte- 
riolar caliber was the underlying cause of 
hypertension of the lesser circulation as was 
suggested by extensive pulmonary function 
studies. The right heart, working against 
markedly increased resistance, was failing 
to empty itself as was evidenced by the in- 
crease in end diastolic pressure. The left 
heart, however, was presumably not failing 
to empty itself efficiently although the 
assumption of normal left auricular pressure 
cannot be proved. 

After digoxin better emptying of the right 
ventricle reduced the residual volume and 
filling pressure but caused an increase in the 
pulmonary artery systolic pressure. This 
suggests that when an increase in blood flow 
takes place within a pulmonary vascular 
bed with a pathologically restricted ca- 
pacity it cannot be accommodated without 
a rise in pressure in the pulmonary artery. 
A similar effect upon the pulmonary 
arterial pressure in patients with a restricted 
pulmonary vascular bed has been observed 
when cardiac output is increased following 
exercise. 

It should be emphasized that all the 
hemodynamic changes produced by the 
drugs here noted were only followed for a 
period of one and one-half to two hours. 
These acute changes do not necessarily 
reflect the final or optimal effect of the 
medication and any conclusions as to long 
term results are not justified. 

Mode of Action of Digoxin. In recent 
attempts to delineate more precisely the 
mode of action of digitalis preparations in 
the human circulation a peripheral venous 
action has been postulated.^" This assump- 
tion was based on material in which the 
right atrial mean pressure was used as an 
indication of the filling pressure of the right 
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heart. Since in the present study there was 
no change after digoxin in the right ven- 
tricular end diastolic pressure, which reflects 
central venous pressures but is a better 
index of the filling pressure of the right 
heart than the mean auricular pressure, 
this assumption of a predominantly venous 
action of digoxin is not tenable in cases of 
left ventricular failure. The improvement 
in stroke volume and reduction in pulmo- 
nary congestion on the other hand suggest a 
predominantly myocardial effect of the 
drug. It would seem unreasonable to 
postulate instead a specific isolated effect 
of the drug on the pulmonary venous bed. 
With no change in heart rate in two of the 
five patients studied it is apparent that this 
myocardial action is, at least in some cases, 
independent of a change in the heart rate. 

The action of digitalis bodies upon the 
peripheral arteriolar bed has also been 
much discussed and in man the effect upon 
systemic blood pressure has been reported 
as variable. Analysis of changes in 
arterial blood pressure following intra- 
venous digoxin in this group of patients 
contributes additional information to solu- 
tion of this problem. As seen in Figure 6 the 
five patients with left ventricular failure 
showed either a small fall or no change in 
mean arterial pressure as the cardiac output 
rose in varying degrees. These changes 
indicate a moderate reduction in peripheral 
resistance. They are in sharp contrast to the 
effect of a similar dose of the drug in two 
subjects with normal hearts^® plotted on 
the same graph. In the latter cases a fall in 
cardiac output was accompanied by no 
change in arterial mean pressure in one 
subject and a marked rise in the other, 
indicating in both cases an increase in 
peripheral resistance. A similar response 
has been observed in a larger group of 
cardiac patients with enlarged hearts but 
no evidence of failure.^® This vasocon- 
strictor effect has also been observed in 
animals given large doses of digitalis.^^^^ 

In the group of patients with left ven- 
tricular failure it is unlikely that a primary 
vasodilator effect alone could account for 
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the increase in cardiac output. This is made 
evident by a eomparison of blood pressure 
changes in those given digoxin with those 
seen in three patients with cardiac failure 
treated with quinidine, a drug known to 
produce vasodilatation. As can be seen 



0 le 20 90 40 50 <0 >0 eo »o mins. 


Fig. 6. Simultaneous brachial artery mean blood pres- 
sures and cardiac output changes following digoxin 
and quinidine. Open circles = patients with normal 
circulation receiving intravenous digoxin; closed 
circles = patients in left ventricular failure receiving 
intravenous digoxin; open triangles = patients in 
cardiac failure receiving 0.8 Gm. quinidine sulfate. 

in Figure 6 the mean arterial pressure fall 
was much greater in the patients given 
quinidine for an increase in cardiac output 
which was usually smaller than in the 
patients given digoxin. 

Ail these data suggest that the changes in 
peripheral vascular resistance after digoxin 
represent reflex alterations in dynamics 
secondary to the increase in stroke volume 
rather than a primary effect upon the 
arterioles. This homeostatic response could 
be mediated through the moderator neiwes 
(aortic body and carotid sinus) or through 
effects upon the central vasomotor center. 
One cannot rule out an accompanying 
vasoconstrictor effect in these cardiac pa- 
tients but if this antagonistic effect is 
present it must have been overcome by 
rcfle.x vasodilatation. 


SUMMARY AND CONCLUSIONS 

1 . The early effect of intravenous digoxin 
is studied by the cardiac cathetherization 
procedure in five patients with left-sided 
heart failure. 

2. Digoxin produced a significant rise in 
cardiac output and stroke volume accom- 
panied by a decrease in pulmonary arterial 
pressure in each of these five patients. These 
changes were effected without alteration 
in the right ventricle end diastolic pressure 
and therefore cannot be ascribed to an 
action of the drug upon the systemic venous 
system but rather are interpreted as an 
action of digoxin upon the myocardium. 

3. Similar changes in cardiac output, 
stroke volume and pulmonary arterial pres- 
sure were observed in a patient with left 
ventricular failure after the peripheral 
resistance had been lowered by quinidine. 

4. The tentative conclusion can therefore 
be reached that regardless of the cause of 
the stroke volume increase — myocardial 
action or a reduction in peripheral vascular 
resistance — the pulmonary congestion in 
six patients with left ventricular failure was 
relieved as a result of more satisfactory 
emptying of the left ventricle. 

5. The conclusion that ventricular ejec- 
tion and ventricular filling are mutually 
dependent upon the functional state of the 
myocardium seems inescapable. 

6. As a contrast to the patients with left 
ventricular failure the effect of digoxin upon 
pulmonary blood flow and blood pressures 
in a patient with cor pulmonale is presented. 
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Coarctation of the Aorta* 


Photo-electric Plethys7nography and Direct Arterial Blood Pressure 
Measurement as an Aid in Diagnosis 


Melvin L. Goldman, m.d. and Henry A. Schroeder, m.d. 
St. Louis, Missouri 


T he clinical diagnosis of coarctation 
of the aorta can be made without 
difficulty when there is enough con- 
striction of the aorta to cause collateral 
circulation to become well established. 
However, the degree of constriction may 
vary from a slight indentation to practically 
complete obliteration. The site of coarcta- 
tion may also vary and anomalies of the 
great vessels may be present. Therefore, it is 
advantageous to establish the site and de- 
gree of the eonstriction in order to decide 
whether or not the condition can be cor- 
rected surgically and whether operation is 
likely to be hazardous. 

The purpose of this report is to present 
the combination of two well established 
methods for the study of blood flow and 
blood pressure, namely, photo-electric ple- 
thysmography and direct measurements of 
arterial blood pressure as an aid to the 
diagnosis and location of coarctation of the 
aorta. By these means the relative blood 
flow of peripheral parts can be estimated 
and accurate blood pressure in an extremity 
ean be measured. 

method 

Two photo-electric plethysmographs were 
used to compare simultaneously the relative 
blood flow in the ear lobes, fingers, scrotum 
or toes. The photo-electric plethysmograph 
consisted of a 2.2 volt pencil flashlight bulb 
as a light source and a photo-electric cell 
(Cetron 22-A. B.) in a small metal holder 


whieh could be adjusted to fit around a 
peripheral part. Variations in the density of 
the part were amplified and by means of a 
rapidly moving galvanometer (Sanborn 
cardiette) were recorded on a kymographic 
camera, the speed of which could be varied 
from 0.2 mm. per second to 75 mm. per 
second. Changes both in amplitude of pulse 
and opaeity of the part were recorded semi- 
quantitatively. A Hamilton optical manome- 
ter recorded blood pressure simultaneously, 
as well as the contour of the pulse. Fourteen 
cases of eoarctation of the aorta were 
studied; one patient (J. F.) had undergone 
surgieal correction by an end-to-end anasto- 
mosis of the aorta; another (W. W.) was 
studied before and after operative correc- 
tion of the defect. All measurements were 
made in the horizontal position and in a 
constant room temperature of 80 f. 

RESULTS 

The systolic blood pressure in the fen^oral 
artery in normal subjects is approximately 
20 mm. Hg higher than in the axillary, the 
diastolic being about the same when 
measured by direct arterial puncture. 
Blood flow as indicated by the amplitude 
of the pulse wave is approximately the same 
or slightly less in the scrotum as compared 
wdth the ear lobe, or the toes as compared 
with the fingers. A comparison for absolute 
values between subjects cannot be made 
because of variations in the thickness of the 
peripheral parts. 


From the Department of Internal Medicine and the Oscar Johnson Institute, Washington University School of 
Medicine, and the Barnes Hospital, St. Louis, Mo., under a grant-in-aid from the U. S. Public Health Service. 
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Fig. 1. Case iv, L. H. Photographic records of arterial pressure in the brachial 
and femoral arteries and of photoelectric plethysmograms in the fingers, toes, 
ear and scrotum. Note the change in contour of the femoral pulse. There is no 
difference in the timing of the pulses in the two fingers but a delay of 0.12 seconds 
beUveen that in the ear and scrotum is evident. Note the abnormally small pulse 
in the toe. The camera speed was 25 mm. per second. 


In a normal man the pulse wave velocity 
is 5 to 9 meters per second, depending upon 
the size and elasticity of the particular 
artery or group of arteries.^ The velocity in 
the aorta is slower than that in peripheral 
vessels. The time lag between the rise of the 
pulse waves in the fingers and toes varies 
from 0.06 to 0.12 seconds.- Since the distance 
between the finger and toe is about 40 per 
cent of the height, a rough estimate of the 
velocity of the pulse wave can be made. In 
four normal young adults this varied from 
6.2 to 10 M. per second. The ear to scrotum 
velocity was much slower owing probably 
to the diameters and elasticity of the vessels 
traversed and to the special character of 
the tissues. (3.2 to 3.5 M. per second assum- 
ing a distance of about 20 per cent of the 
height.) 

Comparing the above “normal” findings 
with those of severe, moderate and sub- 
clinical coarctation, striking differences 
were found. Figure 1 shows the results in a 
patient with severe coarctation (Case iv. 
Tables i and ii.) The significant findings 
were: (1) a marked diminution in the 
systolic pressure in the femoral artery (118 
mm. Hg) as compared to the brachial 
artery (185 mm. Hg) while the diastolic 
pressures were approximately the same; 
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(2) marked diminution in the amplitude of 
the pulse wave of the scrotum (1 mm.) as 
compared to the left ear lobe (14 mm.), 
and of the toe (1 mm.) as compared to the 
finger (9 mm.); (3) delay of 0.12 seconds 
in the rise of the pulse wave of the scrotum 
as compared to the ear (pulse wave velocity 
2.6 M. per second) and (4) equal pulsations 
in the fingers of the two hands. From these 
data one can conclude that the coarctation 
was distal to the origin of the left subclavian 
artery and was probably of the adult type. 
The marked diminution of the pulse ampli- 
tude in the scrotum and toes is compatible 
with a severe constriction of the aorta. 
These • findings were in keeping with the 
clinical signs. 

Figure 2 (Case iii) represents a case of 
moderately severe coarctation, with aortic 
insufficiency probably on the basis of rheu- 
matic heart disease. Photo-electric ple- 
thysmography revealed that the amplitude 
of the pulse of the left ear was 32 mm.; of 
the right, 7 mm.; of the index finger of the 
left hand, 31 mm.; of the right, 35 mm.; of 
the left index finger 32 mm.; of the right 
second toe, 3.5 mm., with a delay of ap- 
proximately 0.12 seconds in the pulse wave 
of the toe. (Velocity 3.8 M. per second.) 
The amplitude in the left second toe was 
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9 mm. and in the right, 5 mm. The right 
brachial blood pressure was 214 mm. Hg 
systolic and 57 mm. diastolic; the left 
brachial ^vas 124 mm. systolic and 70 dias- 
tolic and the right femoral artery was 
87 mm. systolic and 54 diastolic. 


because of the presence of hypertension, 
shortness of stature, hypo-ovarianism and 
an abnormally short fourth toe.^ The blood 
pressure in the legs by the auscultatory 
method using the usual size cuff was found 
by several observers to be higher than it ^vas 


T.-vble I 


CLINICAL FINDINGS IN PATIENTS WITH COARCTATION OF THE AORTA 


Case No. 

Dura- 
tion of 
Symp- 
toms 
(mo.) 

Age 

When 

Diag- 

nosis 

Was 

Made 


1 




Pulsations 

Evidence of Collateral 
Circulation 

Dyspnea 

C5 

e 

•o 

W 

Fatigue 

c 

0 

"n 

&4 

Precordial Pain 

c 

.2 

"cd 

0 

‘*5 

3 

n 

0 

0 

73 

cd 

^3 

rt 

0 

X 

Hypogonadism 

Short Stature 

Abnormal Digits X 

B.M.R. (Per Cent) 

Femoral 

Popliteal 

Dorsalis Pedis 

Intercostal Pulsation 

Subscapular Pulsations 

.2 

'u 

1 

'a 

w 

Cu 

u 

V 

Q 

Notching of Ribs in X-ray 

1 Cardiac Enlargement from X-ray 

u 

c 

.2 

‘G 

E 

3 

CO 

c 
1— ( 

0 

u 

0 

< 

1 Systolic Murmur 

Electrocardiographic Findings 

Sex 

Age 

i9 

22 

21 

21 

4- 

0 

+ 

1 

0 

0 

0 

4- 

4" 

4- 

-6 

Small 

Small 

Small 

4" 

4" 

4" 

0 

0 

4" 

4* 

Normal 

II 9 

36 


36 

0 

0 

0 

0 

0 

0 

0 

4- 

4 - 

4- 

4-7 

+ 

"h 

4" 

E 

0 

0 

0 

0 

0 

4" 

Normal 

III 9 t 

8 

2 

8 

-1- 

0 

0 


0 

0 

0 



4- 


Small 

Small 

Small 

4“ 

4 - 

4 - 

4* 

4- 

+ 

4 - 

LAD* 


























P-R4- 

IV d' 

22 

5 

22 

0 

0 

0 


0 


0 


4 - 

0 


Small 

0 

0 

4 - 

4 - 

-h 

4 - 

0 

0 

4- 

Normal 

vcf 

24 

3 

23 

0 

0 

0 


0 

0 

4 - 


0 

0 


Small 

Small 

Small 

0 


0 

+ 

4- 

E 

4" 

Normal 

VI cf 

47 

7 

47 

-h 

0 

0 


+ 

0 

4 - 


0 

0 

4-15 

Small 

Small 

Small 

4 - 

0 

0 

K 

E 

E 

4 - 

LAD* 

VII (ft 

4 


4 

0 

0 

0 


0 

0 



0 

0 


Small 

0 

0 

4" 

4 - 


I 

E 

0 

4 - 


VIII (f t 

14 

1 

14 

+ 

0 

+ 


0 



0 

4 - 

0 


Small 

Small 

0 

E 

E 

E 



0 

4 - 

Normal 

XI 9 

24 

6 

24 

0 

0 

0 


+ 

+ 

4 - 

4- 

4 - 

4- 

4-8 

Small 

Small 

Small 

4“ 

+ 

4 - 

+ 

0 

0 

4 - 

Normal 

x9t 

10 

1 


0 

0 

0 


0 


0 


0 

0 


4- 

4- 

4- 

0 


0 


0 

0 

4 - 


XI cf 

15 

24 

15 

0 

0 

0 


0 

+ 

0 

0 

4 - 

0 


0 

0 

0 

4~ 

4 - 

4 - 

+ 

0 

4" 

4 - 

Normal 

XII(f 

16 

48 

16 

+ 

0 

-h 


0 

4 - 

0 

0 

0 

0 


0 

0 

0 

0 

0 

4 - 


4 - 

0 

4 - 

LAD* 

XIII o' 

31 

0 

31 

+ 

0 

-1- 


0 

0 

0 


0 

0 


4- 

0 

0 

+ 

4 - 

4 - 

4- 

la 

E 

4 - 

Normal 

.XIV cf 

26 

0 

21 

-1- 

0 

+ 


0 

1 

I 

0 

0 

0 

4-4 

4- 

0 

0 

4 - 

4 - 

4 - 

4- 

4 - 

I 

4 - 

Normal 


* LAD = Left axis deviation. 

t Patients of St. Louis Children’s Hospital. Case vii has been published. 
J These cases will be discussed in a separate publication. 

Table modified after Stewart and Bailey.^ 


These data are compatible with (1) aortic 
insufficiency, (2) interference in blood flow 
to the lower extremities, (3) anomalous 
origin of the left subclavian artery and (4) 
constriction of tlie aorta distal to or at the 
site of origin of the left subclavian artery. 
The correctness of this interpretation was 
established at operation which confirmed 
the location of the coarctation. 

Figure 3 (Case 11 ) represents a subclinical 
case of coarctation. The patient was studied 


in the arms. With a large blood pressure 
cuff (19 cm. wide) the values as reported 
in Table n were obtained. The amplitude 
of the pulse wave of the right finger was 
3.5 mm. as compared with 2 mm. of the 
right foot, not a striking difference. How- 
ever, the direct systolic pressure in the right 
brachial artery was 193 mm. Hg and the 
diastolic 116 while that of the right femora 
was 162 mm. Hg and the diastolic 107. 
These findings were interpreted as com- 
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Fig. 2. Case iii, N. P. Photographic records of arterial pressure and plethysmo- 
grams in an eight year old child with aortic insufficiency and coarctation of the 
aorta. The left subclavian artery arose at the site of the coarctation. Note the 
difference in blood pressure between the right and left brachial arteries and 
the femoral. The plethysmogram of the right second toe was taken simulta- 
neously with the femoral arterial pressure. A large dilated vessel in the neck, 
which may have been an aneurysm, may account for the difference in pulses 
between the two ears. The similarity of the amplitude of the pulses in the two 
fingers is une.xplained, but there is a slight delay in the left as compared with 
the right. In spite of the aortic insufficiency the pulse ^vave velocity between 
the finger and toe was prolonged. The camera speed was 25 mm. per second. 
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Fig. 3. Case ii, O. P. Record reads from right to left; speed of camera 5 mm. per 
second. The patient exhibited a very slight degree of coarctation of the aorta 
according to retrograde arteriograms. The systolic pressure in the femoral 
artery is lower than that in the brachial, but the velocity of the pulse wave from 
finger to toe, if anything, is elevated. This patient also suffered from arterial 
hypertension. 


patible with a mild coarctation of the aorta 
and arterial hypertension. The velocity of 
the pulse wave from finger to toe was 14.5 
M. per second which is inconsistent with a 
coarctation of any pronounced degree. Aortic 
arteriography confirmed tliis impression. 

The most consistent finding was a lower 
systolic pressure in the femoral than in the 
brachial artery. (Table ii.) In only one case 
(W. W.) was tlrerc a marked difference in 
diastolic pressure. This was found in a 
fifteen year old boy who complained of 
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intermittent claudication in the legs. He 
was short in stature. The essential findings 
(Fig. 4) were: (1) a systolic pressure of 
205 mm. Hg in the brachial artery and 75 in 
the femoral, (2) a diastolic pressure of 
92 mm. Hg in the brachial and 50 in the 
femoral, (3) diminution in the amplitude of 
the pulse in the left ear as compared to the 
right, (4) a delay in the appearance of the 
pulse in the scrotum of 0.18 seconds as com- 
pared to the ear (pulse wave velocity of 
1.5 M. per second) and (5) absence of 
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pulsation in the toes. A double peak in the 
tracing made from the brachial artery was 
also noticed. These findings were consistent 
with a severe coarctation. The low ampli- 
tude of the pulse in the left ear was assumed 
to have been the result of retrograde aortic 


of constriction as indicated by a lower sys- 
tolic pressure in the femoral artery. The 
pulse wave velocity, ear to scrotum, was now 
3.3 M. per second and that of the finger to 
toe 5.3 to 5.9 M. per second (approximately 
within normal limits). 


Table ii 


SPECIAL STUDIES IN PATIENTS WITH COARCTATION OF THE .^ORTA 


Case 

No 

Blood Pressure* 

(mm. Hg) 

Difference in 
Direct 
Arterial 
Blood 
Pressure 
Brachial- 
Femoral 1 
(mm. Hg) 

! 

Photoelectric ! 

i Plcthysmograph> 
(amplitude in mm.) 

Pulse Wave 
Velocity 
(m./sec ) 
(Fingers 
to Toes) 

Confirmation 
of Diagnosis 

Tjpe of Coarctation 
and RemarJ.s 

Right 

1 Arm 

1 

1 

Left Arm 

' Right 

1 Leg 

1 

[ i 

! Left 
Leg 

! 

•3 

c 

C3 

i 

u 

0 

H 

Ear Lobe 

E 

3 

8 

U 

to 

Left Hand 

Right Hand 

te 

.2 

«++ 

u 

0 JS 
to 2* 

c " 
< 

Aortic Arteriog- 
raphy J 

Operation 11 

Sys- 

tolic 

Dias- 
tolic I 

1 

136/62 

134/50 

98/84? 

112/94 


1 





i 







! 

743/60 1 


90/57 


- 53 

- 3 

11 5 

2 



1 


4 5 


+ 


Adult 

11 , 

184/115 

190/118 

149/113 





i 



1 



1 





193/116 


162/107 


- 31 

- 9 

3 5 

2 





14 5 


+ ' 

j 

Adult, arterial hjperten- 

III 

180/110-0 

110/70 

Not obtainable 







i 






sion 


2U/S7 

123/70 

87/54 

1 .. 

-127 

- 3 

32 

3 5 



31 

35 

3 8 

+ 


+ 

Adult, rheumatic heart 

IV 

174/90 

164/88 

Not obtainable 







1 






disease 


m/95 


118/90 


- 67 

- 5 

9 

I 

14 

I 

9{ 

10 

Not obtainable 


+ 


Adult, right undtscended 

V 

160/85 

160/82 

130/90 

130/95 













testis removed at the age 






1 












of seventeen 


m/78 


107/75 


- 57 ' 

- 3 



25 

5 




i 



Adult, ? intenentricular 

VI 

184/92 

182/90 

140/115 

130/110 













septal defect 


200/80 


110/70 


- 90 

-10 

6 

I 

38 

4 



4 9 

1 



Adult 

VII 

118/70 

100/’ 

Not obtainable 















125/70 


70/65 


- 55 

- 5 

6 

2 5 

24 

3 

5 

8 

3 3 

+ 


+ 

' Infantile, not resectable 

Mil 

90/70 

110/80 

120/84’ 

j 124/80’ 









1 






95/62 


90/63 


- 5 

-t - 1 

7 5 

3 

7 

5 

1? 

8 

3 7 

+ 

-h 


Adult 

IX 

170/112 

172/104 

Not obtainable 















113/75-t 


\i32ns^ \ 


+ 19t 

+ 3t 



i 




lOt 



+ 

Adult, lumen 2 mm. in 

X 

118/78 

102/76 

152/118 

148/102 



6 

8t 



1 ^ 

4t 





diameter 


135/70 


725/70 


- 10 

0 

16 

4 



lio 

Il7 


+ 



Not determined 

XI 

188/90 ' 

190/94-60 

Not obtainable 















205/92 


75/50 


-130 

' -42 

9 

0 

36 

4 

10 

'18 

Not obtainable 



+ 

Adult, lumen 1 mm in 

xn 

240/116 

230/110 

Not ob- 

94/86 













diameter 




tamable ’ 
















195/n5k 


134/1071 


- 61 

! - 8 

<17 

0 

31 

3 

9 

10 

Not obtainable 


0 

+ 

Stenosis above renal ai itiics 

XIIl 

180/95 

178/98 

Not obtainable 













by calcihcd ihrombus 


170/90 


105/73 \ 

1 

— 65 

' -15 : 

4 j 

1 

20 

2 

4 

4 

5 4 


"b 

+ 

Adult, not resectable 

XIV 

184/98 

190/100 

Not obtainable 















173/85 

1 

1 95/70 ' 


- 78 

1 

1 -13 ' 

1 

1 

0 5'l8 

1 1 

3 

6 

6 

3 0 



+ 

Adult, lumen 2 mm. 


* Upper readings by auscultator)' method Lo«er readings (in italics) by direct arterial puncture, 
t Eleven months posiopcrau\c. 

J Performed b> Drs. Thomas H. Burford and Mcrl J. Carson of Depts. of Surgery' and Pediatrics. 
§ Patient under general anesthesia 
p Performed b> Dr. Thomas H. Burford 


arteriogi'aphy done a few days previously 
which required incision and repair of the 
left carotid artery. 

These findings were confirmed at opera- 
tion. A lumen of 1 mm. was found at the 
site of constriction. Six day^s later the pa- 
tient was restudied. The double systolic 
peak of the pulse contour had disappeared 
and pulsations ^vere now visible in the 
scrotum and toes. There was still evidence 


Results of the study of tlie nine other pa- 
tients were similar. (Table ii.) Diastolic 
pressures in the legs, with the exception of 
Case XI, %vere from 0 to 15 mm. Hg lower 
than those in the arms. In seven of the 
patients it was 5 mm. or less. Diastolic 
hypertension (90 mm. or more) was present 
in the legs in only three patients; one oi 
them, with the very mild coarctation, 
undoubtedly suffered from generalized arte- 
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Fig. 4. Case xi, W. W. Photographic records of arterial pressure and photo- 
electric plethysmograms before (on the left) and after operation (on the right) 
for severe coarctation of the aorta. Note the very small pulsation in the femoral 
artery, toe and scrotum before operation. The difference in pulsations between 
the right ear and left may be due to involvement of the left carotid artery, which 
was opened three days previously for retrograde arteriography. After operation 
the changes are in the direction of normal. The pulse wave velocity between 
ear and scrotum is now within normal limits. There is, however, still a slight 
degree of coarctation as indicated by the differences of systolic pressure between 
the brachial and femoral arteries. 


rial hypertension. (Case xi, Stewart and 
Bailey.)^ Another (Case xii) was found at 
autopsy to have obstruction of his aorta 
caused by a massive deposit of calcium just 
above the renal arteries. Elevation of the 
diastolic pressure was present in the arms 
but not in the legs in two other cases. The 
postoperative findings in one (Case ix) were 
normal. * 

Use of the auscultatory method for ob- 
taining blood pressure in the legs gave er- 
roneously high readings of diastolic pressure 
in six cases; levels were unobtainable in 
eight. 

The amplitude of the pulse wave in the 
ear lobe appeared to be larger in four pa- 
tients with coarctation of the aorta than in 
normal subjects or in those suffering from 
arterial hypertension of otlier causes. That 
in the finger was higher in seven patients. 
While the series is admittedly small, these 
findings indicate a difference in degree of 
vascular activity in these areas in certain 
cases of coarctation. 

* Eight additional cases have been studied, only one 
of which had diastolic hypertension in the legs. 
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COMMENTS 

Only one Hamilton manometer was used 
to record the brachial and femoral arterial 
pressures. It is realized that simultaneous 
recordings would have been more desirable 
but the values obtained by subsequent 
measurements from one and then another 
extremity will give sufficiently accurate 
determinations for the differences found in 
coarctation of the aorta. The advantages of 
direct arterial puncture have been brought 
out in several instances. In severe coarcta- 
tion the femoral pressure is often not ob- 
tainable by the auscultatory method. In 
the less severe cases a falsely high femoral 
pressure may be recorded. This was so in 
six of our patients. Only by direct arterial 
puncture can one obtain the true value and 
when this is done the milder cases of coarc- 
tation are readily established. Plethysmo- 
graphy offers confirmatory eUdence. 

The pathogenesis of the hypertension in 
coarctation of the aorta is controversial. 
That it is due to a general increase in 
arterial tone throughout the body has been 



460 


Coarctation of the Aorta — Goldman, Schioeder 


■{235*- 


SYSTOLIC (mmHfl) 200 '£*2 zoz 

t > V ‘ i 


205 ZOS 1»0 tOS 

^US'tUSy HllH'ij 



n '-t ib 


1 

i| f«* 

DIASTOLIC (mmHfl) 

leo izo 120 

140 

120 I4B 120 

ISO 

CUFF 

COMPRESSION (mmHg) 

[-.oo-j 

[-150-1 

[-170-] 

[-200^ 


SYSTOLIC (mmHg) 


OIASTOLIO (nmHgl 
CUfF 

COMPRESSION (mmHg) 


A.R.?4T 



Fig. 5. A. R., the effect of partial occlusion of the brachial artery by a cuff upon 
blood pressure distal to the oeclusion. In the upper curves the camera was 
moving at the rate of 1.25 mm. per second, the lower at 25 mm. per second. 
The figures at the top of the photograph refer to systolic pressure, those below to 
diastolic pressure and those between the vertical lines to compression of the 
cuff. Note the immediate rise of blood pressure when cuff compression is sud- 
denly applied. Changes m the contour of the pulse wave are obvious (see text). 
At the high compressions the pulse wave appears similar to that seen in coarcta- 
tion of the aorta. (Figs. 1, 2 and 4.) 


advocated by Steele.^'® That it is due to the 
mechanical effects of the lesion was sug- 
gested again by Hull" and Bing.^® In the 
cases presented there is evidence that both 
mechanisms may be involved. Diastolic 
hypertension in the legs, which is usually 
accepted as evidence of generalized arterio- 
lar constriction, was present in only two 
patients. One of them showed a lesion just 
above the renal arteries which was a counter- 
part of the experiment of Steele.® It is a 
matter of interest that the diastolic pressure 
in the femoral artery was less than 60 mm. 
Hg in three patients, 60 to 80 mm. in seven 
patients and 80 to 90 mm. in none. The 
fact that the amplitude of the pulse wave in 
the upper part of the body was often higher 
(eight cases) than that seen in either un- 
complicated hypertension or in normal sub- 
jects is further evidence for a mechanical 
factor being present. On the other hand, a 
low magnitude of the pulse similar to that 
seen in generalized hypertension was present 
in four cases, evidence for generalized 
vasoconstriction. 


Hull" has recently suggested an interest- 
ing experiment involving the use of two 
cuffs on the arm. The upper cuff was inflated 
to a level just above diastolic pressure and 
the lower used to measure blood pressure. 
Under these conditions diastolic pressure 
was observed to rise slightly and the systolic 
to fall. Wilkins and Bradley measured the 
changes in brachial arterial and venous 
pressure distal to a cuff by Hamilton mano- 
meters.® The resultant systolic and diastolic 
pressure distal to the cuff was variable de- 


pending upon the amount of compression 
and the blood flow in the remaining part 
of the extremity. At certain critical supra- 
diastolic levels of pressure in the cuff both 
systolic and diastolic pressure rose and 
blood flow increased. This experiment was 
repeated in six subjects, three of them with 
arterial hypertension, two with coarctation 
□f the aorta and one with a normal blood 
pressure. When the cuff was inflated to 
lr»\rolc in inr'rf'm/^n f Q nf 25 mm. H 


the results were similar except that the 
change \vas much greater in hypertensive 
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subjects. At levels of partial occlusion above 
diastolic pressure both systolic and diastolic 
levels were observed to rise significantly on 
the next beat after occlusion. (Fig. 5, 
Table in.) At higher pressures, of course, 
systolic fell and diastolic did not. The con- 


could be explained by the “breaker phe- 
nomenon” as proposed by Bramwell.^^ 
When a sea wave passes from deep water 
toward a beach, its crest travels faster than 
its trough, and the wave eventually breaks. 
The “beach” in this case is represented by 


T.<\ble III 


EFFECT OF PARTIAL ARTERIAL OCCLUSION UPON BLOOD PRESSURE DISTAL TO POINT OF OCCLUSION 

(brachial artery) 


Control 
Blood Pressure 
(mm. Hg) 

Cuff Compression 

! 

1 Control 

1 Blood Pres- 
sure (mm. 

I| Hg) 

1 

Cuff Compression 

(mm. Hg) 

(blood pres- 
sure mm. 
Hg) 

(change) 

(mm. Hg) 

(blood pres- 
sure mm. 

Hg) 

(change) 


A. K.cf 45 



A. R. cf 47 



Arterial Hy 

pertension 

1 

1 


Arterial H] 

y'pertension 


250/132 

50 

247/132 

- 3/0 

il 

1 200/120 

100 

212/120 

4-12/0 

260/132 

75 

260/132 

0/0 

i 202/120 

150 

235/145 

4-33/4-25 

245/130 

100 

245/130 

0/0 

1 205/120 

170 

235/148 

4-30/4-28 

233/127 

125 

255/130 

+22/+3 

203/120 

200 

190/150 

-13/4-30 

247/130 

150 

270/143 

+23/-1-13 

203/125 

250 

33* 


240/125 

175 

270/152 

-f30/-{-27 


i 



248/127 

200 

275/145 

-|-27/ “j-18 1 





250/128 

225 

218/136 

- 32/-i-8 

|i 




235/132 

250 

50* 


! 





M. C. 9 43 



D. W.d’ 17 


Arterial Hypertension (mild) 



Normal 


150/80 

50 

150/80 

0/0 

1 120/60 

50 

117/55 

- 3/-5 

150/82 

75 

157/82 

4- 7/0 

119/60 

75 

120/60 

4- 1/0 

155/85 

100 

160/85 

+ 5/0 

115/55 

100 

120/70 

4- 5/-M5 

150/85 

125 

165/95 

4-15/4-10 1 

110/55 

120 

90/65 

-20/4-10 

160/90 

150 

145/100 

-15/4-10 

1 115/60 

150 

5* 


160/90 

175 

30* 







H. W. cf 31 

1 

1 

t 

W. R. 

cf 26 



Coarctation of the Aorta 


1 

Coarctation of Aorta 


170/92 

90 

170/90 

0/-2 

. 160/85 

50 

165/85 

4- 5/0 

162/90 

100 

170/95 

+ 8/4-5 

1 160/87 

75 

165/85 

4- 5/-2 

167/93 

118 

175/95 

4- 8/4-2 

159/84 

95 

170/85 

4-11/ -j-l 

163/87 

130 

185/110 

4- 22/4-23 

160/85 

125 

173/100 

4-13/4-15 

165/90 

150 

165/115 

0/4-25 

163/85 

150 

130/80 

-33^-5 

160/93 

175 

53/45 

-107/-48 

160/85 

200 

27* 1 


170/90 

200 

15* 

' 

! 


1 

! 

1 



* Asystolic intra-arterial pressure thirty seconds after complete occlusion.*^ 

Blood pressures are the average systolic and diastolic values for several beats. Although cuff compression appears 
to be greater than systolic pressure in patients D. W. and H. tV., individual beats were at higher levels owing to natural 
variations. 


tours of the pulses then approached those 
seen in coarctation. 

The rate of rise of the pulse also increased 
when the cuff was inflated above diastolic 
pressure, a finding first described by Er- 
langer.^® This suggested that our results 
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the flattened artery under the cuff, which 
may so alter the wave front that it becomes 
steeper, and systolic pressure rises. Under 
these conditions diastolic pressure also 
rises, possibly because a turbulent flow has 
replaced one more or less smooth and the 
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coefficient of elasticity of the arterial wall 
under the cuff has been altered. Regurgi- 
tant flow is also abolished as suggested by 
Wilkins and Bradley. ^Vhen the constriction 
is more severe, the form of the \vave front 
alters further, becoming less steep, systolic 
pressure falling and diastolic pressure rising 
slightly. When the cuff is inflated to a level 
close to systolic pressure, both may become 
lower. 

Attempts to reproduce this phenomenon 
in the femoral and renal arteries of dogs by 
means of a narrow clamp met with failure, 
probably because the distance over which 
the wave was altered was too small and the 
rigid clamp was not comparable to the 
elastic cuff. However, the narrow constric- 
tion of coarctation may so alter the aortic 
wave front as to cause some of the changes 
found in the femoral artery. All of these 
alterations were reproduced in the brachial 
artery by the experiment described. 

Further, although controversial, evidence 
for the hypertension of coarctation of the 
aorta being different from the usual variety 
is offered by the insensitivity of these indi- 
viduals to desoxycorticosterone acetate.'^ 
When this material is injected intravenously 
into patients with generalized arterial hyper- 
tension, a slow, sustained pressor response 
occurs. When it was given to six patients 
with coarctation of the aorta, no pressor 
response was elicited. One of them exhibited 
a high diastolic pressure and stenosis of the 
aorta above the renal artery. 

It is possible to have a constriction of the 
aorta so severe as to prevent effectively the 
diastolic pressure in the leg from approxi- 
mating that in the arm. (Case xi.) It is also 
possible to have a very mild coarctation. 
(Case II.) All gradations between these two 
extremes may be found. A decision as to 
the advisability of surgical repair of the 
defect depends in part upon the degree of 
coarctation and in part upon the extent of 
collateral circulation. It is obvious that a 
clamp applied to the thoracic aorta ivould 
alter hemodynamics severely and might be 
extremely hazardous to the patient if a 
large proportion of the blood were going 


through the constriction. Ordinarily we do 
not recommend surgery unless there is a 
marked difference (60 mm. Hg or more) 
in the systolic pressure of the brachial and 
femoral arteries as determined by direct 
puncture. 

This metlrod of study, ivhile not new,^’ 
has been of considerable aid in evaluating 
the hemodynamics of the circulation in 
coarctation of the aorta. Because the con- 
dition sometimes can be corrected by surg- 
ery, the use of these methods is of more than 
academic interest. 

SUMMARY AND CONCLUSIONS 

1. Fourteen cases of patients with coarc- 
tation of the aorta were studied by photo- 
electric plethysmography of peripheral parts 
and by direct measurements of brachial 
and femoral arterial blood pressure. 

2. The hemodynamics of the circulation 
can be estimated by these methods, not 
only as an aid in locating the coarctation 
but in choosing patients suitable for surgery. 

3. There is evidence that mechanical 
factors as well as humeral ones may operate 
to elevate blood pressure. 
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Acute Coronary Insufficiency Due to 
Pulmonary Embolism* 

Simon Back, m.d., Arthur M. Master, m.d., Henry Horn, m.d., 
Arthur Grishman, m.d. and Leonard E. Field, m.d. 

New Tork, New York 


T he interest aroused by the report of 
McGinn and White^ on acute cor 
pulmonale led to many studies^*" 
of the electrocardiographic changes and 
other cardiac sequelae of embolism of the 
pulmonary artery. The electrocardiographic 
pattern described by McGinn and White is 
distinguished by a deep Si and Q3, depres- 
sion of the RS-T segment in Lead i, eleva- 
tion of this segment in Lead in and inversion 
of T3 or of To and T3, and was believed by 
these authors to be caused by acute right 
ventricular strain secondary to obstruction 
of the pulmonary artery. Our experience, 
however, indicates, as does that of several 
other authors,'*'^’^^ that this pattern appears 
in a minority of patients with embolism of 
the pulmonary artery. In most of these 
patients the electrocardiographic changes 
consist chiefly of depression of the RS-T 
segment and inversion of the T wave in one 
or more leads, without a deep Si or Q3. 
Since similar deviations follow acute coro- 
nary insufficiency precipitated by shock 
and hemorrhage,^- it is apparent that such 
changes cannot be attributed solely to right 
ventricular strain. 

Several factors may contribute to the 
cardiac and peripheral circulatory sequelae 
of embolization of tlie pulmonary artery. 
The purpose of this paper is to review briefly 
the physiologic aspects of the cardiovascular 
disturbances in pulmonary embolism and 
to evaluate the factors of right ventricular 
strain and failure, hyposystolic or forward 


failure, generalized anoxia or asphyxia and 
myocardial anoxia due to coronary insuffi- 
ciency in the light of the clinical, electro- 
cardiographic and anatomic findings. As 
we shall see, the predominant e.\citing 
factor is acute coronary insufficiency rather 
than right ventricular strain. Acute coro- 
nary insufficiency may be responsible not 
only for the electrocardiographic abnor- 
malities but also for the acute myocardial 
changes in the left ventricle, which are far 
more serious than the involvement of the 
right ventricle. 

Acute coronary insufficiency is the term ivc 
use to designate disproportion between 
nutritional requirements of the myocardium 
and its supply of coronary blood, resulting 
in absolute or relative deficiency of the 
coronary circulation. The term should not 
be construed to include thrombotic oc- 
clusion of the coronary artery. 

Previously we presented evidence that 
acute coronary insufficiency is a disease 
entity which is precipitated by several 
groups of factors. Severe exertion or emo- 
tional stress, tachycardia, hypertension, 
hyperthyroid crises, acute infections and 
drugs such as adrenalin and insulin, by 
elevating blood pressure, heart rate or 
cardiac output increase the work of the 
heart and thereby the myocardial require- 
ment for blood, thus creating a relative 
coronary insufficiency. Shock, hemorrhage, 
hypotensive crises, acute heart failure, 
pulmonary embolism and coronary vaso- 


* From the Cardiographic Department and the Medical Services, The Mount Sinai Hospital, New' York. Pre- 
sented before the Eastern Section of the American Federation for Clinical Research, December 14, 1946, New York, 
N. Y. 


464 


AMERICAN journal OF 


JI E D I C I .N E 



EGG in Pulmonary Embolism — Back et al. 465 


constriction may diminish the coronary 
blood flow by lowering the blood pressure 
and the cardiac output. The third group of 
factors consists of conditions which impair 
oxygenation of the blood or diminish its 
oxygen-carrying power; i.e., anesthesia, 
high altitude, carbon monoxide poison- 
ing, acute anemia, pulmonary embolism, 
acute bronchial asthma and pulmonary 
insufficiency. 

Acute coronary insufficiency is most 
likely to develop when predisposing factors 
which produce chronic deficiency of coro- 
nary blood flow with myocardial anoxia 
are present. These factors may be structural 
in nature, such as coronary arteriosclerosis, 
aortic valvular disease and cardiac hyper- 
trophy; or non-structural, such as conges- 
tive heart failure and anemia. 

When coronary insufficiency is suffici- 
ently prolonged or severe, the ensuing myo- 
cardial ischemia and anoxia often cause 
acute degenerative or necrotic changes in 
the myocardium. These myocardial lesions 
vary in size from microscopic areas of 
necrosis to gross areas of infarction. They 
are characteristically focal, disseminated 
and situated in the subendocardial layer of 
the left ventricle particularly in the papil- 
lary muscles. 

The electrocardiogram in acute coronary 
insufficiency is characterized by depression 
of the RS-T segment and inversion of the T 
wave in one or more leads, often in all leads, 
including the precordial. These deviations 
are due to the subendocardial localization 
of the myocardial ischemia. The electro- 
cardiographic changes are reversible and 
may disappear with elemination of the 
precipitating factors and subsidence of the 
coronary insufficiency. Deep Q, waves and 
elevation of the RS-T segment, typical of 
acute coronary occlusion, do not occur in 
acute coronary insufficiency. 

HISTORICAL SURVEY 

Virchow^^ as early as 1856 attributed 
sudden death that occurred in a case of 
pulmonary embolism to “cardiac asphyxia 
and arrest” brought about by interference 
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with the coronary blood flow. To explain 
the severe clinical s)Tnptoms caused by 
formation of small emboli in the lungs, it 
was suggested many years ago that reflexes 
which are mediated through the vagus nerve 
and elicited in the wall of the obstructed 
and distended pulmonary arteries cause 
widespread reflex pulmonary arteriolar 
constriction^" and reflex stimulation of the 
respiratory center.^® The latter is probably 
responsible for the tachypnea characteristic 
of these cases. Experimentally this 
vagal reflex has been blocked by vagotomy 
or by administration of ati'opin and papa- 
verine. It has also been demonstrated^®^-® 
that mechanical obstruction or ligation of 
the pulmonary artery for from 60 to 70 per 
cent of its cross-section area may not inter- 
fere significantly with the pulmonary circu- 
lation or produce pulmonary hypertension. 
On the other hand, distinct circulatory and 
cardiac effects are often noted following 
embolism even when the main pulmonary 
artery is uninvolved. It is possible, there- 
fore, that reflex constriction of the pul- 
monary arterioles may be an important 
factor in production of pulmonary hyper- 
tension in clinical pulmonary emboli.sm. 
That vagal stimulation of considerable 
degree occurs in pulmonary embolism is 
evidenced by the not infrequent disturb- 
ances in sino-auricular and auriculo-ventri- 
cular conduction with resulting sinus arrest, 
sino-auricular block, nodal rhythm and 
auriculo-ventricular dissociation.'* 

Since 1933 a number of European 
workers-’ have alluded to the occur- 
rence of a pulmonocoronary reflex medi- 
ated through the vagus nerve, which has 
been considered responsible for reflex vaso- 
constriction of the coronary arteries. Scherf 
and Schoenbrunner,- among the earliest 
proponents of this theory, ascribed pre- 
cordial pain and other cardiac disturbances 
in pulmonary embolism to such reflex 
coronary vasoconstriction. However, more 
recent lA'ork-^’^® casts doubt upon the 
validity of this explanation. It has been 
found that bilateral cervical \ agotomv does 
not abolish the electrocardiographic changes 
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that appear following experimental pul- 
monary embolism. Furthermore, studies 
with Rein’s flowmeter in experimental em- 
bolization*® of the pulmonary artery show 
an increase in the minute volume flow in 
the right coronary artery, an observation 
that nullifies the theory of the existence of 
reflex constriction. Even in the presence 
of an increased coronary flow, coronary 
insufficiency and myocardial anoxia may 
be provoked if the increased flow is insuf- 
ficient to compensate for the additional 
requirements of the ventricles and the 
increased work of the right side of the heart. 

Nevertheless, changes of such degree 
occur in the hemodynamics of the pul- 
monary and systemic circulations that it is 
unnecessary to invoke the mechanism of 
reflex coronary constriction.^^ Eckardt*® 
demonstrated that embolism of the pul- 
monary artery and increased pressure in 
the pulmonary artery are followed by 
diminution in arterial pressure, transitory 
decrease in coronary blood flow and then 
sustained increased flow particularly in the 
right coronary artery. He ascribed the drop 
in systemic blood pressure to the mechanical 
and reflex obstruction of the pulmonary 
blood flow, decreased return to the left 
ventricle and diminished cardiac output. 
This mechanism constitutes an important 
basis for forward failure of the left ventricle 
and coronary insufficiency in pulmonary 
embolism.-' In 1937 Daly and his co- 
workers*® and Schweigk*® independently 
discovered a reflex relationship between 
the pulmonary and the systemic circula- 
tions. They showed that in animals with 
independent circulation in the pulmonary 
and systemic circuits, elevation of pul- 
monary artery pressure lowered systemic 
arterial pressure, independent of variations 
in venous return or cardiac output. In 
dogs this reflc.x effect was abolished by- 
section of the cervical vagosNunpathetic 
nerves. Subsequent investigators'-®® con- 
firmed the e.xistcnce of this reflc.x depressor 
mechanism and showed that it was the 
basis for the fall in systemic blood pressure 
and shock which occur in clinical pul- 


monary embolism. In their recent review of 
cardiodynamics of experimental pulmo- 
nary embolism Megibow, Katz and Stein- 
itz-^ state that increased pressure in the 
pulmonary artery and the right ventricle 
leads to increased work of the right side of 
the heart, diminished coronary blood flow, 
coronary insufficiency and gradual or rapid 
heart failure. 

There are numerous reports"’"’*"’®'”®® of 
electrocardiographic changes observed fol- 
lowing experimental pulmonary embolism 
and compression of the pulmonary artery. 
Although the deviations noted \vere not 
uniform, a large percentage of the electro- 
cardiograms showed changes in the RS-T 
interval and T wave which could be 
attributed to coronary insufficiency and 
myocardial anoxemia. 

Anatomic studies in both experimental 
and clinical pulmonary embolism afford 
corroborative evidence of the role played 
by coronary insufficiency and myocardial 
anoxia in this condition. Following experi- 
mental production of pulmonary embolism, 
Buchner and his associates®' found focal 
areas of myomalacia in the right ventricle 
which they believed were due to coronary 
insufficiency. They reasoned that right 
ventricular dilatation and failure dimin- 
ished blood flow in the right coronary artery; 
this resulted in ischemia, anoxia and necro- 
sis of the right ventricular myocardium. 

More recently Horn, Dack and Friedberg® 
observed acute myocardial changes in ap- 
proximately 20 per cent of forty-two fatal 
cases of pulmonary' embolism. In none of 
these cases was there a history of recent 
coronary' occlusion. In an earlier study of 
myocardial infarction without acute coro- 
nary' occlusion Friedberg and Horn®’’ found 
that approximately one-fourth of the cases 
of infarction occurred in patients dying of 
recurrent embolism of the pulmonary artery. 
The my'omalacia observed in the two studies 
was generally focal and subendocardial, 
localized in the left ventricle and was at- 
tributed to the effect of shock and anoxemia 
on the coronary' circulation. In two of these 
cases focal myocardial necrosis was found 
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Fig. 1 a. E. V., a female, age forty years, e.xperienced epigastric pain fifteen days after bilateral salpingo-oophorec- 
tomy. Seven hours later peripheral collapse developed and she died two hours thereafter. Autopsy revealed bilateral 
pulmonary embolism of the right main and left lower lobe branches. The coronary arteries were normal. The heart 
was grossly normal except for mottling of the posterior papillary muscle of the left ventricle. Microscopic examina- 
tion in this area revealed focal myonecrosis (Fig. 1b.). Electrocardiogram taken soon after the onset of symptoms in 
the morning (A.M.) showed a small Si and deep Q3, depression of RS-T in Leads i, n, CFi and CFs and elevation 
in Leads in and CFi. At this time differentiation could not be made between acute cor pulmonale and acute pos- 
terior wall infarction due to coronary occlusion. The record taken several hours later in the afternoon (P.M.), 
however, showed the pattern of acute cor pulmonale, characterized by prominent S waves in Leads i, ii, Vj and 
Vs, small Qj, prominent R and elevated RS-T in Leads aVR and Vi and depressed RS-T in Leads i, ii, V 1 and Vs 
and an inverted T3. It is of interest that myocardial ischemic changes secondary to acute coronary insufficiency 
developed in the presence of the classical cor pulmonale pattern in the electrocardiogram. 


also in the right ventricle. Isolated right 
ventricular necrosis was not observed. From 
these observations it may be concluded (1) 
that coronary insufficiency following pul- 
monary embolism is generalized, affecting 
the left coronary artery as well as the right 
and (2) that the left ventricle is more sus- 
ceptible than the right to the effect of 
coronary insufficiency. 

Subsequently Gurrens and Barnes®'^*’ 
found four cases of recent myocardial in- 
farction without acute coronary occlusion 
among thirty fatal cases of pulmonary 
embolism. In three of the four instances 
infarction involved both ventricles. These 
authors also attributed the infarction to 
coronary insufficiency resulting from shock 
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and increased pressure within the right side 
of the heart. 

MATERIAL 

The present report is based on clinical 
and pathologic study of forty-one consecu- 
tive fatal cases of pulmonary embolism. In 
all cases one or more electrocardiograms 
were obtained following occurrence of the 
pulmonary embolism. The clinical status 
of the patients and the electrocardiograms 
obtained during the acute attacks were 
reviewed and correlated with the anatomic 
findings. Eighteen of the patients were men 
and twenty-three were women. Twenty- 
two were non-surgical cases; nineteen oc- 
curred postoperatively. 
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Fig. 1b. Section of posterior papillary muscle of left 
ventricle showing loss of striation, lysis of fibrils, early 
necrosis and reactive polymorphonuclear leukocyte 
infiltration. These represent early ischemic myocardial 
alterations incident to acute coronary insufficiency 
which resulted from shock and diminished coronary 
blood flow. Although the insufficiency was of relatively 
short duration, it was sufficiently severe to have pro- 
duced focal myonecrosis even in the presence of normal 
coronary arteries. 

RESULTS 

Electrocardiogi aphic Findings. The electro- 
cardiograms were classified in four groups: 
Group I comprised fifteen cases presenting 
the general pattern of acute cor pulmonale; 
Group 11, seventeen cases which presented 
the electrocardiographic deviations asso- 
ciated with coronary insufficiency, i.e., 
RS-T depressions and T wave inversions; 
Group in, six cases with atypical electro- 
cardiographic changes which did not fall 
into cither one of the first two groups; 
Group IV, three cases in which the electro- 
cardiograms showed little or no variation 
from the tracings made before embolization 
occurred. 

Group I — Co> Pulmonale Pattern. Eight 
patients presented the electrocardiographic 
pattern of acute cor pulmonale, that is, 
deep Si and Q,i. depre.ssed RS-T in Lead i, 
elevated RS-T in Lead iii and inverted 
Ts. (Fig. l.\.) In three other patients the 
pattern was similar except for the absence 
of a deep Si. The remaining three patients 
presented deep Si and Qs but changes in 
the RS-T segment or T wave were absent. 
The T wave was inverted in Lead ii in one 


case and in another it was inverted in CF4. 
Atypical right bundle branch block was 
observed in three of the fifteen patients.* 

Group II — Coionaiy Insufficiency Pattern. 
Electrocardiograms of this group disclosed 
depression of the RS-T segment and in- 
version of the T wave in one or more leads. 
(Fig. 2 .) In ten cases the deviations occurred 
in all four or in three of the four leads; it was 
more common in Lead i than in Lead iii. 
In five cases the RS-T segment was slightly 
elevated in Lead iii. Depression of the RS-T 
segment occurred without T wave inversions 
in eight cases, but inverted T waves unac- 
companied by RS-T deviations were infre- 
quent occurring only twice. In three cases 
a small Si or Si and Qs were suggestive 
of acute cor pulmonale. 

Group III — Atypical Electrocaidiographic 
Changes. Six patients presented atypical 
acute electrocardiographic changes. In four 
of these intraventricular or bundle branch 
block was present prior to the pulmonary 
embolism and miscellaneous abnormalities 
involving the RS-T segment or T wave 
appeared subsequently. The RS-T segment 
was elevated in all leads in one ease, in 
Leads i and ii in another case and in Lead 
III in a third case. These atypical electro- 
cardiographic changes were obviously re- 
lated to the conditions underlying the 
abnormal records which antedated the 
embolic incidents. 

Group IV — .Vo Acute Electrocardiogiaphic 
Changes. In the three cases in this group 
the electrocardiograms made following em- 
bolism of the pulmonary artery did not 
difier materially from the previous abnormal 
records which were the result of long-stand- 
ing heart disease. 

Associated Electrocardiographic Changes. In- 
traventricular conduction disturbances may 
appear following embolism of the pulmo- 

* In one case in which multiple prccordial and uni- 
polar leads were recorded the RS-T scitmcnt nat 
depressed over tlie left side of the precordium 
and elevated over the right side of the precordium ( il 
and in the unipolar lead from the right arm (VR). * 

has-c ob5cn.-ed a similar pattern in acute coronan 
occlusion ssith posterior wall infarction and in .iciilc 
coronary insufficiency from any cause. 
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Fig. 2. J. K., a seventy-one year old man developed acute pulmonary artery 
embolism on March 8th, four days after resection of a carcinoma of the rectum. 
The patient died on March 14th. Autopsy revealed an embolic occlusion of the 
left main pulmonary artery. The coronary arteries were patent. The myocardium 
showed focal fibrosis and there were no acute changes either on gross or micro- 
scopic examination. The electrocardiogram taken prior to the embolic episode 
was normal except for left axis deviation. On March 8th, several hours after the 
onset of embolism, the S-T segment became depressed and the T wave semi- 
inverted in Leads i, ii and CF4. The record on March 13th was practically the 
same. These changes are those of acute coronary insufficiency. 
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nary artery,^® usually within the first 
twenty-four to thirty-six hours. The intra- 
ventricular block is generally of the atypical 
right bundle branch block type; it may be 
transient. Atypical right bundle branch 
block developed in three of the cases in 
Group I (cor pulmonale) and persisted 
until death intervened early in the attack. 
In two other cases a left and a right bun- 
dle branch block pattern antedated the 
embolism. 

Well defined right axis deviation was 
present in only five cases, three in Group 
I and two in Group ii. Left axis deviation, 
on the other hand, appeared in eleven 
cases. In the majority of the latter the 
axis deviation preceded the embolic epi- 
sode and was believed to have resulted 
from previous hypertensive and arterio- 
sclerotic heart disease. (Figs. 4a and 5.) 

Cardiac arrhythmias were observed in 
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seven cases. Auricular tachycardia occurred 
twice, auricular fibrillation once and heart 
block once. In the latter case there was 
associated sino-auricular block and ven- 
tricular fibrillation occurred terminally. 
Similar arrhythmias have been observed 
in pulmonary embolism experimentally 
produced. 

The influence of various predisposing 
and precipitating factors in Groups i and ii 
was evaluated. These included age, sex. 
antecedent cardiac disease, right ventricular 
strain and other anatomic changes observed 
during postmortem examination. 

Age and Sex Incidence. There was a 
slightly higher incidence of women than 
men in the series and also in the individual 
groups, but the se.x of the patients and the 
electrocardiographic pattern following pul- 
monary embolism were not apparently 
associated. On the other hand, the age of 
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Fig. 3. E. P. was an eighteen year old boy with 
recurrent pulmonary’ embolism of two weeks’ 
duration. A massive embolism occurred several 
hours prior to admission and ended fatally during 
an attempted pulmonary artery embolectomy. 
Autopsy revealed emboli to variously sized pul- 
monary artery branehes with associated multiple 
pulmonary infarcts. The origin of the emboli was 
undetermined. The electrocardiogram showed the 
cor pulmonale pattern characterized by right axis 
deviation, deep Si and Sj, semi-inverted T; and 
inverted Tj. It difTcrs from the classical pattern in 
the absence of a prominent Qi. 

the patient seemed to influence the electro- 
cardiographic pattern. Of thirteen patients 
below the age of fifty, seven fell into Group i 
(cor pulmonale) and only two into Group n 
(coronary insufficiency). Of twenty-eight 
patients aged fifty years or more only eight 
fell into Group i while fifteen were in Group 
II. The coronary insufficiency pattern oc- 
curred more often in the older individuals 
in wiiom arteriosclerotic or hypertensive 
heart disea.se co-e.xisted. 

Anleccdcut Cardiac Disease. The foregoing 
obseiwation was borne out by analysis of the 
cardiac status of the patients prior to oc- 
currence of pulmonary embolism. One-half 
of the patients with acute cor pulmonale 
pattern (Group i) had clinical evidence of 
hypertension or coronary artcr\- disease; 
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Fig. 4a. A. F., a female aged fifty-four yeai's, 
suffered with antecedent hypertensive heart 
disease of ten years’ duration. Three weeks after a 
mild cerebrovascular accident -she developed in- 
creasing dyspnea, restlessness, impaired heart 
sounds, drop in blood pressure and partial heart 
block. This was followed by tachycardia, tachy- 
pnea, labored breathing and death three days 
later. Autopsy showed multiple acute and organ- 
izing pulmonary artery emboli and pulmonary 
infarcts. The heart was hypertrophied, weighing 
430 Gm.; the coronary arteries were normal. Focal 
subendocardial necrosis svas noted involving the 
interventricular septum, anterior wall of the left 
ventricle and papillary muscles of both ventricles. 
The electrocardiogram taken in 1934 showed the 
typical “hypertensive” pattern of left ventricular 
enlargement, i.e., left axis deviation, high voltage 
QRS, RS-T depressed in Lead i and elevated in 
Lead ni, Tt deeply inverted and T-j diphasic. On 
December 19, 1937, one day prior to death, there 
was striking RS-T depression in Leads I, n and 
CF< and slight depression in Lead ill. Th«c 
changes are characteristic of acute coronary’ in- 
sufficiency, the cause for the subendocardial 
myocardial necrosis. (Figs. 4b and c.) 

three-fourths of the patients with coronary 
insufficiency (Group ii) and all the patients 
with atypical electrocardiograms (Group 
III) had hypertension or arteriosclerosis. The 
classical picture of cor pulmonale appeared 
most often in the patients with previously 
normal hearts, w'hcrcas the antecedent 
cardiac disease seem.ed to be the predispos- 
ing factor in the development of coronar} 
insufficiency. (Figs. 4 and 5.) ^Vhcn the 
electrocardiogram made prior to pulmonarr 
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embolism was very abnormal, the electro- 
cardiographic changes following embolism 
were usually those of coronary insufficiency 
or, in a few instances, atypical. Further- 
more, existing marked left axis deviation 
made development of the cor pulmonale 
pattern less likely. When left axis deviation 
was associated with RS-T deviations (de- 
pression in Lead i, elevation in Lead iii), 
the latter were infrequently intensified by 
the coronary insufficiency^ (Fig. 5.) 

Cardiac Enlargement. Correlation of the 
electrocardiographic pattern with the actual 
weight of the heart corroborated the 
clinical observations. Distinct cardiac en- 
largement (heart weight 400 Gm. or over) 
was found in 14 per cent of the patients with 
cor pulmonale electrocardiograms and in 
59 per cent of those with coronary^ insuffi- 
ciency records, a finding that indicates the 
importance of cardiac hypertrophy as a 
predisposing factor in the development of 
coronary insufficiency following pulmonary 
embolism. 

Right Ventricular Strain. Incidence and 
degree of dilatation of the right side of the 
heart was observed at necropsy in the 
thirty-two patients comprising Groups i 
and 11 . Dilatation of the right ventricle was 
found in seven of the fifteen cases of cor 
pulmonale and in eight of the seventeen 
cases of acute coronary insufficiency. Right 
ventricular dilatation was not, therefore, 
regularly associated with cither a “cor 
pulmonale” or a “coronary insufficiency” 
electrocardiogram. As a matter of fact, the 
pattern of coronary insufficiency appeared 
most often in patients with marked dilata- 
tion of the chambers of the right side of the 
heart, a finding which suggests that coro- 
nary insufficiency and right ventricular 
strain mav occur simultancouslv followins 
massive embolism of the pulmonary artery. 
That coronary insufficiency may be the 
dominant factor in the clinicopathologic 
abnormalities, however, is indicated by the 
myocardial damage found in such cases. 

Pathologic .Myocardial Changes. .\ detailed 
anatomic study of the heart was made in 
all cases. Many blocks of the ventricular 


walls including the papillary muscles were 
taken for microscopic study^ and the coronary 
arteries were sectioned at close intervals. 
Evidence of my^ocardial necrosis was found 
in ten of the cases (24 per cent): in three 
cases gross changes were present in the 
myocardium and in seven cases, histo- 
logic changes. Acute occlusion of a cor- 
onary artery"^ was not seen in any of the 
hearts. 

The gross my'ocardial changes consisted 
of focal, disseminated areas of yellowish-red 
mottling in the subendocardial lay'cr of the 
myocardium involving especially'^ the papil- 
lary muscles of the left ventricle. In one case 
the anterior wall of the left ventricle was 
involved, and in two cases both surfaces of 
the left ventricle were affected. In one of 
the latter cases there was also focal infarc- 
tion of the right ventricle. Microscopic ex- 
amination of the lesions revealed degenera- 
tive alteration of the muscle fibers, focal 
hemorrhage and necrosis. The latter had 
provoked reactive cellular infiltrates of poly- 
morphonuclear leukocytes, histiocytes and 
fibroblasts. These lesions differed in no way 
from those observed in cases of acute cor- 
onary' insufficiency' precipitated by other 
factors, such as shock, drop in blood pres- 
sure and hemorrhage.*" 

Five of the cases of focal my'ocardial 
necrosis were in Group i, four in Group n 
and one in Group iv. In other words, acute 
my'ocardial changes were found among the 
patients with clinical signs of cor pulmonale 
as frequently' as among those with clinical 
evidence of acute coronary insufficiency'. 
The myocardial changes in the four cases 
of coronary' insufficiency (Group n) were, 
however, decidedly' more severe than the 
changes in the cases of cor pulmonale 
(Group i). In three of the four hearts of 
Group II gi'oss infarction was fairly ex- 
tensive (Figs. 4b and 4c); in the five hearts 
of Group I infarction was detected only on 
histologic e.xamination. 

The ten cases of focal myocardial infarc- 
tion were analyzed with a view to deter- 
mining the nature of the factors which had 
predisposed the patients to acute coronary 
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insufficiency were found for die most pai't 


insufficiency. In eight eases evidence of 
antecedent arteriosclerotic or hypertensive 
heart disease was found. There ivas moder- 
ate to severe stenosis of the coronary arteries 
in four of the hearts. When the coronary 
arteries were patent, the hearts were 
distinctly hypertrophied and enlarged. Four 
patients had sustained multiple pulmonary 
lesions and had lived from two to three 
weeks following initial embolization. One 
patient with a heart normal in size and 
patent coronary arteries lived only nine 
hours. The embolism, however, involved 
all the branches of the pulmonary artery 
as well as the main stem, and the profound 
degree of shock and anoxemia produced 
intense coronary insufficiency despite ab- 
sence of predisposing arteriosclerotic factors. 

In summary, it may be said that coronary 
insufficiency and focal myocardial infarc- 
tion had a tendency to follow pulmonary 
embolism in those cases in which there was 
pre-existing coronary arteriosclerosis or 
cardiac hypertrophy, particularly when the 
embolism was multiple and the duration of 
life following the onset was sufficiently long 
to permit development of anotomic myo- 
cardial changes. 

COMMENT 

Analysis of forty-one fatal cases of em- 
bolism of the pulmonary artery indicates 
that acute coronary insufficiency is an im- 
portant factor in determining the electro- 
cardiographic picture and the myocardial 
effects that follow embolism. So much 
attention has been directed toward the 
right ventricular dilatation and strain 
following pulmonary embolism that sight 
has been lost of the fact that the left ventricle 
is affected deleteriously and often to a 
greater extent than the right ventricle. In 
our series the electrocardiographic pattern 
of acute coronary insufficiency occurred 
more often than did the pattern of cor 
pulmonale, and myocardial necrosis in- 
volved the left rather than the right 
ventricle. 

The electrocardiographic and anatomic 
changes attributable to acute coronary 


m the older indh’iduals and in those with 
clinical or anatomic evidence of antecedent 
heart disease. In other words, acute coro- 
nary insufficiency is more likely to fol- 
low pulmonary embolism in patients with 
chronic coronary insufficiency than in those 
individuals who have previously been free 
of cardiac abnormalities. On the other 
hand, the classical cor pulmonale pattern 
and right ventricular strain occurred most 
often in those patients whose hearts were 
previously normal. 

The mechanism underlying development 
of coronary insufficiency following em- 
bolism of the pulmonary artery can be 
explained by the known physiopathologic 
effects produced by obstruction of the 
pulmonary artery. Our observations offer 
clinico-pathologic evidence that the impor- 
tant exciting factors of the diminished 
coronary blood flow and myocardial anoxia 
are systemic shock, right ventricular dilata- 
tion, anoxemia and possibly reflex coronary 
vasoconstriction. 

Shock. Shock was an almost universal fea- 
ture in our series of cases. It occurred in pa- 
tients with cor pulmonale as often as in those 
with coronary insufficiency; it was most 
severe in those patients in whom ischemic or 
anoxic changes of the myocardium devel- 
oped. It has been stated®’’'’^^'-®'^'’-® that ob- 
struction of the pulmonary artery, as well 
as clinical pulmonary embolism, leads to 
lowering of systemic blood pressure, dimin- 
ished venous return to the left ventricle, di- 
minished left ventricular stroke output and 
shock. These circulatory disturbances even- 
tually result in diminished coronary blood 
flow and nutritional disturbances in the 
myocardium of both ventricles but more 
particularly the left. When the shock is 
intense and prolonged and the coronary 
circulation has been impaired previously by 
coronary arteriosclerosis or cardiac hyper- 
trophy, the myocardial anoxia may progress 
to focal degeneration or subendocardial 
necrosis in the myocardium. The site of the 
necrosis is usually the left ventricle. 
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Right Ventricular Dilatation. Both clinical 
and postmortem observations have demon- 
strated that acute dilatation and strain of 
the right ventricle is a common sequel to 
massive embolism of the pulmonary artery. 
Accentuation of the pulmonic second heart 
sound, right ventricular failure and the 
typical Si Q 3 pattern in the electrocardio- 
gram are the usual clinical signs of right 
ventricular dilatation and strain.*® In our 
series distinct right ventricular dilatation, 
often of a marked degree, was found at 
autopsy in approximately one-half of the 
cases. 

It is significant that autopsy revealed 
that right ventricular dilatation occurred 
as frequently in cases with electrocardio- 
graphic records of coronary insufficiency as 
in those with records of right ventricular 
strain. Conversely, in half of the cases in 
which isolated right ventricular dilatation 
was found at autopsy, the electrocardio- 
grams showed changes characteristic of 
acute coronary insufficiency. Furthermore, 
right ventricular strain was found in ap- 
proximately half of the cases of focal myo- 
cardial infarction of the left ventricle. These 
observations afford further evidence that 
acute coronary insufficiency may be the 
dominant factor underlying the electro- 
cardiographic changes and myocardial in- 
volvement even when right ventricular 
strain exists. It has been suggested® *" that 
right ventricular strain may contribute to 
the development of coronary insufficiency. 
4 his theor)' based on clinical grounds is in 
agreement with the obserx^ations of in- 
vestigators®**® who found that following 
experimental obstruction of the pulmonary 
artery the increased right ventricular prc.s- 
surc was associated with diminution in 
coronary blood flow, particularly in the 
right coronarx- arterx'. Megiboxv. Katz and 
Steinitz®* attributed the coronarx' insuffi- 
ciency to exlrax’ascular compression of the 
Thebesian x’cins and interference with 
emptying of the coronary sinus and x eins. 

It might be assumed tiiat in tlie presence 
of right x’cntricular strain, xvith resulting 
incren.se in nutritional requirements of the 


right x’^entricle, the right ventricle xvould be 
the site of predilection for the morphologic 
sequelae of acute coronary insufficiency. 
This theory seems to be borne out by the 
xx'ork of Buchner and his associates*' who 
found that pulmonary embolism in animals 
induced right, rather than left, x^entricular 
myomalacia. They attributed this result to 
diminution of flow in the right coronary 
artery. Currens and Barnes*" reported one 
patient xvith isolated infarction of the right 
x'entricle. In our series, however, involx’c- 
ment of the right x^entricle xvas in all cases 
associated xvith inx'^olx^ement of the left. The 
fact that the left x^entricle xvas affected much 
more frequently and to a much greater 
degree than the right x’^entricle suggests that 
the left x'entricle is more susceptible than 
the right to acute coronary insufficiency, 
ex'en xvhen right x^entricular strain and 
dilatation are present. The increase in 
ventricular pressure that folloxvs embolism 
may produce greater diminution of blood 
floxv in the right coronary artery than in 
the left coronary artery, thereby affecting 
chiefly the posterior wall. We belicx'c, how- 
ex'cr. that this resemblance may be inci- 
dental and that right x'entricular dilatation 
and cardiac rotation are important causes 
for this resemblance. 

.Anoxemia. The third precipitating factor 
of coronary insufficiency in pulmonary 
embolism is anoxemia. This is manifested 
clinically by dyspnea, tachypnea and cyano- 
sis xx'hich result from obstruction of the 
pulmonary artery, diminished pulmonary 
blood floxv and impaired oxygenation of the 
blood. 

.-Vnoxemia and asph^'xia may produce 
anoxic changes in the myocardium of both 
the left and the right x'entricles. In anoxemia 
arising from conditions other than pul- 
monary embolism, increase in coronarx 
blood floxv is proxddcd by coronary x'aso- 
dilatation.*" but xvidi pulmonary embolism 
the shock and right x'cntricular dilatation 
incident to the embolism produce absolute 
diminution of coronary blood flow. The 
affect of the anoxemia on the myocardium 
is thus intensified by the associated ischemia- 
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Anoxemia may be responsible for the 
electrocardiographic changes in pulmonary 
embolism particularly in the coronary 
insufficiency group, since the RS-T and T 
wave abnormalities produced by anoxemia 
and by coronary insufficiency are indis- 
tinguishable. Similar RS-T and T 

wave changes have been observed in acute 
cor pulmonale not due to pulmonary em- 
bolism, for example, in acute bronchial 
asthma. Many years ago it was reported"*- 
that in animals identical electrocardio- 
graphic changes occurred in asphyxia, acute 
asthma and following clamping of the 
pulmonary artery. The changes in the RS-T 
segment and T waves which commonly 
occur during and immediately following 
an asthmatic paroxysm have been at- 
tributed to myocardial anoxia resulting 
either from diminished blood oxygen satura- 
tion"*® or from acute coronary insufficiency."*^ 
We have observed cases of bronchial 
asthma in which the severity and prolonged 
duration of the electrocardiographic changes 
suggested that the myocardial anoxia had 
produced myocardial infarction. 

Pulmocoronary Rejlexes. A fourth mechan- 
ism which may play a part in production 
of coronary insufficiency in pulmonary em- 
bolism is reflex coronary constriction medi- 
ated through the vagus nerve endings in the 
pulmonary arterial tree. There is no doubt 
that a reflex inhibitory effect on the heart 
may exert a considerable effect in pul- 
monary embolism'' and that it may produce 
slowing of the heart from sino-auricular 
depression and lowei'ed blood pressure. 
However, evidence is lacking that such 
activity can cause coronary vasoconstriction. 

SUMMARY 

A study of forty-one consecutive fatal 
cases of pulmonary embolism confirmed by 
autopsy showed that acute coronary in- 
sufficiency is an important factor in de- 
termining the electrocardiographic and 
myocardial effects following embolism of 
the pulmonary artery. The electrocardio- 
graphic pattern of “aeute cor pulmonale” 
(deep Si and Qs, depressed RS-T in Lead 
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I, elevated RS-T in Lead iii and Ts in- 
version) occurred in only a minority of 
cases. In the majority the electrocardio- 
graphic changes were those characteristic 
of acute coronary insufficiency, namely. 
RS-T depression and T wave inversion in 
one or more leads and often in all leads. 

Antecedent hypertensive or arterioscle- 
rotic heart disease and cardiac hypertrophy 
were important predisposing factors of acute 
coronary insufficiency. The classical cor 
pulmonale pattern was seen more often in 
patients with previously normal hearts. 
When the electrocardiogram prior to the 
embolism was very abnormal, the electro- 
cardiographic changes were usually those 
of coronary insufficiency or, less often, 
atypical in character. Furthermore, the 
presence of marked left axis deviation made 
the development of the cor pulmonale 
pattern less likely. 

Right ventricular dilatation was not 
regularly associated with either “cor pul- 
monale” or “coronary insufficiency” elec- 
trocardiogram. The pattern of coronary 
insufficiency was often noted in patients 
with marked dilatation of the chambers of 
the right side of the heart, a fact which 
suggests that coronary insufficiency and 
right ventricular strain may occur simul- 
taneously following massive embolism of 
the pulmonary artery. 

Changes indicative of myocardial necro- 
sis or infarction resulting from acute 
coronary insufficiency were found in ten 
cases or 24 per cent. In three of these cases 
there were gross changes in the myocardium 
and in seven cases histologic changes. Acute 
occlusion of a coronary artery was not seen 
in any of the hearts. The most frequent 
sites of necrosis were the subendocardial 
layer of the left ventricle and the papillary 
muscles. The anterior and posterior walls 
of the left ventricle were involved with 
equal frequency. The right ventricle Nvas 
involved in only one case, emphasizing the 
greater deleterious effect of pulmonary em- 
bolism on the left ventricle. Acute myo- 
cardial changes were found in cases ^vith 
electrocardiograms indicative of cor pul- 



476 


ECG in Pulmonary Embolism — Back el al. 


inonalc as frequently as in cases with 
electrocardiographic signs of acute coronary 
insufficiency. 

Coronary insufficiency following em- 
bolism of the pulmonary artery is caused by 
diminished coronary blood flow and myo- 
cardial anoxia which result from systemic 
shock, right ventricular dilatation, anox- 
emia and possible reflex vasoconstriction. 
The pathologic physiology'- and relative 
importance of these factors are discussed. 
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Auricular Fibrillation without Other 
Evidence of Heart Disease"^ 

A Cause of Reversible Heart Failure 

Edward Phillips, m.d. and Samuel A. Levine, m.d. 

Los Angeles, California Boston, Massachusetts 


I T is now well known that auricular 
fibrillation may occur in people with- 
out other evidence of organic heart 
disease. This is particularly true of the 
paroxysmal form of the irregularity for 
transient spells are frequently seen in indi- 
viduals who are otherwise well. Even 
persistent auricular fibrillation lasting for 
months or years without any other evidence 
of organic disease, subjective or objective, 
has been observed occasionally. What has 
not been sufficiently appreciated is that 
such patients occasionally develop out- 
spoken congestive heart failure and that all 
evidence of heart disease may disappear 
with complete return to a normal state if 
the gi'oss irregularity can be restored to 
normal rhythm. In this sense there is a small 
but definite group of patients with moderate 
to advanced heart failure in whom the 
entire process is reversible under appro- 
priate therapy. Finally, there is a strong 
suspicion, from the experience to be dis- 
cussed. that some patients with irreversible 
congestive heart failure and auricular fibril- 
lation started with an c.sscntially normal 
heart but because of prolonged auricular 
fibrillation developed cardiac enlargement 
and heart failure. .Such patients then may 
partially respond to digitalis and diuretics. 
They may develojj hypertension or other 
cardiac complications and succumb, as most 
patients with organic heart disease do; this 
is often called chronic myocarditis with 
auricular fibrillation or instances of non- 


valvular heart disease. It is inferred that 
these eventualities might have been delayed 
or prevented if the original arrhythmia had 
been rectified early enough. 

One of the first cases of auricular fibrilla- 
tion with congestive failure without other 
evidence of organic disease was reported by 
Gossage and Hicks.' Although postmortem 
examination showed hypertrophy and dila- 
tation of the left ventricle, the authors 
believed that the , -heart originally had no 
organic abnormalities and that the hyper- 
trophy was a consequence of the arrhy- 
thmia. Parkinson and Campbell: found no 
evidence of heart disease in 30 of their 
200 patients with paroxysmal auricular 
fibrillation. There was no apparent cause 
for the irregularities in eighteen, and infec- 
tion or toxic agents were thought to be the 
precipitating factors in the other twelve 
cases. Auricular fibrillation eventually be- 
came chronic in three of their patients wit i 
normal hearts. Fowler and Baldridge 
reported seven cases ol transient and three o 
persistent auricular fibrillation in young 
adults without evidence of heart disease. 
Mohler and Lintgcn' found no apparent 
cause for auricular fibrillation in about 
6.5 per cent of their 220 patients. Likcui'c. 
Fricdlandcr and Levine’ in 1934 report! c 
thirty-five cases of auricular filirillation an 
four of auricular flutter without evidence o 
heart disease. This comprised about 
cent of all [their "^cascs'^of auricular fiitri a 
tion. .A similar grou]J of forty-six cases <> 
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transient and three of chronic auricular 
fibrillation was published in 1936 by 
Orgain, Wolff and White.® It is apparent 
that auricular fibrillation, either transient 
or permanent, without organic disease is 
not at all rare and may be expected to occur 
in a little more than 5 per cent of all 
fibrillators. 

What is more important is that the irregu- 
larity may precipitate congestive failure 
when the heart is otherwise normal. Al- 
though this study is not concerned with the 
development of anginal pain following- 
paroxysmal rapid heart action, such a 
complication does occur and has been 
thoroughly discussed by Wolff.'’® In the 
case published by Gossage and Hicks^ a 
twenty-three year old man developed pro- 
gressive cardiac enlargement and chronic 
failure in spite of digitalization and died 
after running across a road eighteen and 
one-half months after the onset of his illness. 
Parkinson and Campbell’s patient^ was an 
athlete who developed paroxysmal fibrilla- 
tion in 1912 at the age of twenty-four years. 
In 1920 the arrhythmia became permanent 
and two years later congestive failure 
appeared. At one time his life was saved 
by the intravenous administration of stro- 
phanthin, but he remained a cardiac 
invalid for the next three years despite 
digitalis therapy. In 1925 the cardiac 
mechanism was reverted to normal by 
quinidine which resulted in a complete 
recovery. Five years later the patient was 
engaging in vigorous sports without evi- 
dence of heart disease. 

BrilP reported the case of a forty-three 
year old female who developed auricular 
fibrillation in 1935. Ten weeks later cardiac 
enlargement and congestive failure de- 
veloped. After reversion to normal rhythm 
with 0.2 Gm. of quinidine the heart size 
returned to normal and the congestive 
failure disappeai'ed. Ten years later this 
patient was well, showing no evidence of 
heart disease.^® Trotter and Eden“ reported 
the case of a forty-three year old man in 
■whom auricular fibrillation without appar- 
ent cause produced congestive failure. 

OCTOBER, 1949 


479 

Digitalis reverted the rhythm to normal 
and cured the heart failure. Seven years 
later permanent auricular fibrillation de- 
veloped and within several months con- 
gestive symptoms recurred and could not be 
controlled adequately with digitalis. After 
total thyroidectomy, which was performed 
as a last resort, normal rhythm returned and 
all the symptoms disappeared. There was no 
gross or microscopic evidence of thyro- 
toxicosis in the gland. 

Levine and Beeson^" reported an instance 
in which severe congestive failure occurred 
after auricular fibrillation became perma- 
nent when there was no other evidence of 
heart disease. This patient was also cured 
by reversion to normal rhythm. (Case ii.) 
It is evident from these isolated case reports 
that severe heart failure may be completely 
reversible in a small group of patients in 
which auricular fibrillation per se is the cause 
of the disability. 

The purpose of this study was to investi- 
gate some of the changes in the dynamics of 
the circulation that appear to develop as a 
result of auricular fibrillation in patients 
who have no other evidence of heart disease, 
and to emphasize that the arrhythmia alone 
can be the cause of congestive heart failure. 
The clinical evidence brought forth also 
suggests that some cases of irreversible heart 
failure with auricular fibrillation may have 
started with an essentially sound heart and 
that the subsequent disability might have 
been prevented if normal rhythm had been 
restored by use of quinidine in the early 
stages of the arrhythmia. 

ABNORMAL CIRCULATORY DYNAMICS IN 
AURICULAR FIBRILLATION 

There is abundant evidence, both clinical 
and experimental, that auricular fibrillation 
produces deleterious effects on the circula- 
tion. Stewart and his co-workers^®’^^ and 
Blumgart and Weiss^®’^® showed that the 
rate of blood flow was slowed in auricular 
fibrillation by 20 to 68 per cent. The cardiac 
output was also found decreased. Im- 
pah'ment of the circulation could not be 
ascribed to the increased heart rate for the 
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cardiac output and rate of blood flow in 
dogs were found unchanged in regular 
tachycardia but decreased in auricular 
fibrillation although the ventricular rates 
were the samed’’-^' After resumption of 
normal rhythm the rate of blood flow in 
dogs returned to normal/'* and the cir- 
culation time in patients decreased by 
an average of 8 seconds.*® Landis and his 
co-workers’® found a disproportionate rise 
in central venous pressure after exercise in 
dogs with auricular fibrillation. 

The size of the heart may also be affected 
by the fibrillating state. Stewart and his 
co-workers found a decrease in heart size 
in seven patients after cessation of auricular 
fibrillation.** In one of these, previous 
digitalization resulted in only a slight de- 
crease in heart size. Stewart and Crawford®® 
showed that the size of a dog’s heart may 
increase in auricular fibrillation while' it 
remains unchanged or becomes smaller in 
regular tachycardia. Levine and Golden®* 
inferred that dilatation of the heart in 
patients with regular tachycardias depends 
upon duration of the attack, rapidity of the 
ventricular rate and original health of the 
heart. Since auricular fibrillation is more 
prone to cause cardiac enlargement than a 
rapid regular rhythm of the same rate,®® it 
is to be expected that enlargement will 
occur with slower irregular ventricular rates 
than in the reported cases of dilatation in 
regular tachycardias. 

A further factor that is often insufficiently 
appreciated is the effect of effort on the 
circulatory state when auricular fibrillation 
is present. Although digitalis may lower the 
ventricular rate in auricular fibrillation to 
normal during rest and restore almost nor- 
mal circulator)- dynamics at rest, it docs not 
protect the ventricles from a dispropor- 
tionate rise in rate with exercise. Blumgart®® 
showed that in auricular fibrillation not 
only was the rise in ventricular rate with 
c.xcrcisc greater than in the normal, but 
that there was a delay in return to normal 
with rest even in the digitalized patient. In 
these cases, when normal rhythm was 
restored bv quinidine. there was le.ss ac- 


celeration of the ventricles in response to 
effort. 

In the case reports just cited and in some 
of those to be discussed, it has been noted 
that treatment with digitalis alone was not 
adequate to control the symptoms of heart 
failure. Restoration to normal rhythm 
following quinidine was found to result in a 
complete cure in an appreciable number of 
instances. Such clinical observations arc 
consistent with the experimental data just 
cited and refute some earlier opinions that 
the circulatory dynamics in well controlled 
auricular fibrillation are normal.®® 

Clmical Material. This stud)' is based on 
a review of eighty-four patients with 
auricular fibrillation who were regarded as 
having no other evidence of organic heart 
disease. Fifty-eight of these were seen in 
private praetice and the other twenty-six 
were observed only at the Peter Bent Brig- 
ham Hospital. Of the total there were fifty- 
three who were intimately observed in the 
hospital and of these, forty-seven were care- 
fully studied during arrhythmia and after 
reversion to a normal mechanism. There 
were seventy-three males and eleven females 
in the entire scries. The average age was fifty 
years, and the range was from twenty-three 
to sixty-seven years. Only ten were over 
sixty years of age and twenty were under 
forty. Seven of these patients had frank 
congestive failure and will be reported in 
detail later. There were seven others who 
had latent heart failure. Evidence for this 
was generally reflected in a distinct lowering 
of the vital capacity of the lungs, a some- 
what slower velocity of blood flow (Iroth of 
which improved after treatment) and dila- 
tation of the heart. 

Symptoms. Palpitation was the most com- 
mon chief complaint. .Sixty-five of thes( 
patients complained of this sensation at out 
time or another. It is of some interest that 
there were nineteen instances in whirl) 
palpitation was aixsent wiien fibrillation ha 
occurred. Other primary complaints wen 
weakness (twenty-five cases). breaihlessnc« 
(twenty-three cases), syncope (thirteen ta*^ ‘•i 
jonisAl OF 
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and nervousness (eight cases). Other major 
symptoms present in isolated instances were 
dizziness, ankle edema and chest pain. 
Anginal pain on effort was present in three 
patients. Dyspnea and weakness were the 
most prominent symptoms in the patients 
with congestive failure. 

Duralion. In this study auricular fibrilla- 
tion was regarded as permanent if it lasted 
more than seven days. There were twenty- 
three patients who had typical ti'ansient 
bouts of auricular fibrillation although in 
eight of these the arrhythmia had lasted one 
to seven days when treatment was insti- 
tuted. These transient episodes covered 
varying periods of time, in different patients, 
from one month to ten years. The frequency 
of recurrences also varied greatly from 
extremely rare episodes to those that re- 
curred every few weeks or more often. The 
other sixty-one patients in the series all had 
permanent auricular fibrillation. Detailed 
observations concerning the duration of 
auricular fibrillation were made on those 
fifty-three patients that were intimately 
studied in the hospital. The others were 
treated at home or in various other hos- 
pitals, and some were not treated at all or 
refused treatment. There were thirteen with 
a duration of eight days to one month, 
thirty of one to twenty-four months’ dura- 
tion, four of two to three years’ duration and 
six of more than three years, the longest 
being nine years. Twenty of those with 
permanent auricular fibrillation had previ- 
ous transient attacks lasting hours or several 
days over a period of one to twenty-three 
years before they were seen. Four of these 
twenty had previous persistent fibrillation 
which had been successfully reverted else- 
where by the use of quinidine. 

The average duration of auricular fibril- 
lation in the forty-six patients without frank 
congestive failure was 12.2 months at the 
time treatment was started, the range being 
from one month to nine years. The average 
duration in the seven patients with conges- 
tive failure was 3.7 months, and that of 
seven with latent failure was 11.3 months. 
It is evident, therefore, that duration of the 
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arrhythmia was not a .significant facloi' in 
the development of heart failure. It is of 
interest that in the group of thirteen pa- 
tients in whom the arrhythmia persisted, 
either because no treatment was given or 
because treatment failed, the known average 
duration of auricular fibrillation was 10.6 
years. This does not include an instance in 
which the irregularity probably was present 
for forty-four years. 

Associated Conditions. None of the eighty- 
four patients had a past history of rheumatic 
fever or manifested any evidence of rheu- 
matic heart disease. None had any acute 
infection at the time of examination. 
Routine urine analyses and blood counts 
were essentially normal. The blood Wasser- 
mann was determined in sixty-three pa- 
tients. One had well treated asymptomatic 
syphilis of the central nervous system, two 
had doubtful reactions without stigmas of 
lues and the remaining all had negative 
serologic reactions. Chronic cholecystitis 
and cholelithiasis were present in four 
patients. Other conditions, like renal stones, 
pulmonary emphysema, etc., were rare and 
not regarded as related to the arrhythmia. 
The only specific etiologic factors that 
might be incriminated in the initiation of 
the fibrillation in a few instances was alcohol 
and in one instance an excessive amount of 
privine used in the form of nose drops. In 
general it appeared that the arrhythmia was 
not due to infeetion, toxic influences or 
associated diseases and had to be regarded 
as of unknown or of neurogenic origin. 

Heart Murmurs. Cardiac murmurs were 
striking by their absence. Only six patients 
of the entire eighty-four had a faint grade i, 
and one additional patient had a grade ii 
apical systolic murmur. Three of these 
murmurs occurred in patients with con- 
gestive failure. The murmurs disappeared 
in these three and in one of the others when 
the rhythm was regularized. There ivcrc 
no other auscultatory abnormalities except 
for the arrhythmia. 

Blood Pressure Observations. The average 
blood pressure of the entire series was 
128/80. The highest was 150/100 during 
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arrhythmia which fell to 126/90 when the 
rhythm became regular. Only seven had 
readings above 145/90. There was no 
difference between the pressure levels with 
or without congestive failure. The average 
blood pressure in eleven patients ^vho had 
determinations before and after reversion 
was 145/89 during auricular fibrillation and 
133/80 when the rhythm became regular. 
It is concluded that there was no essential 
hypertension in this series of patients. 

X-ray Findings. Seven-foot heart films 
were made in twenty patients without frank 
congestive failure during auricular fibrilla- 
tion and within forty-eight hours after 
normal rhythm was restored. The interval 
between the Us'o comparable films was 
generally only several days. In none of these 
cases \vas the heart regarded as significantly 
enlarged. The average diameter of the 
heart was 14.4 cm. during arrhythmia and 
14.3 cm. after regularization. In three cases 
the transverse diameter decreased 0.9 cm., 
1.4 cm. and 1.0 cm., respectively. In the 
first there was no evidence of cardiac in- 
compctcncy during fibrillation. In the 
second the vital capacity increased 900 cc. 
when the rhythm became regular, and in 
the third the circulation time was 26 seconds 
(decholin) during fibrillation. There was a 
fourth instance in which no change in 
heart size was detected directly after rever- 
sion although one year later it had decreased 
0.8 cm. In this case it required fourteen days 
to accomplish regularization, during most 
of which time auricular flutter with a rapid 
ventricular rate was present. The vital 
capacity of the lungs rose from 2,400 cc. to 
3,700 cc. when the rhythm became regular. 
Twenty years later this patient was well and 
had no evidence of heart disease. The latter 
three of the aforementioned four patients 
are presumed to have had sliglit cardiac 
dilatation and latent congestive failure 
wliilc titcy were fibriilating. 

Heart films were obtained during and 
within forty-eight hours after arrhythmia 
in four of the seven patients with frank 
congestive failure. The average diameter 
of the heart in these cases before and after 


regularization was 17.4 cm. and 15.4 cm., 
respectively. In one patient, although there 
was enlargement, no decrease occurred. In 
two instances the size of the heart became 
normal and showed a decrease of 3.6 and 

4.0 cm. In the fourth patient the heart size 
decreased 0.9 cm. one day after regulariza- 
tion and there was a further decrease of 

2.0 cm. nineteen months later. The only 
patient with congestive failure who showed 
no decrease in heart size had had seventy- 
three attacks of auricular fibrillation (some 
of them prolonged) in Uventy-onc years. 
The irrev’^ersible cardiac hypertrophy in 
this sixty-five year old man was probably 
the result of long sustained auricular 
fibrillation. The general contour of the 
cardiac silhouette in those patients .showing 
enlargement was not remarkable and was 
regarded as representing for the most part 
reversible dilatation caused by the arrhytli- 
mia. In the larger gi’oup without heart 
failure it is significant that neither the left 
nor right auricle was enlarged by fluoroscopy. 

Electrocardiographic Observalions. Electro- 
cardiograms were made in all (cighty-fourj 
patients during fibrillation and within one 
to several days after the auricular fibrillation 
disappeared. In most cases the tracing rsas 
obtained within twenty-four hours. Left 
axis deviation was present in eighteen 
patients. None showed right axis deviation. 
Six patients* showed prolongation of the 
P-R interval from 0.22 to 0.28 sccond.s, nine 
had premature auricular beats and two ha 
both auricular and ventricular premature 
beats after reversion. In no case were the 
cxtrasystolcs frequent or troublc.somc. I hrcc 
patients w'ithout failure showed transient 
inversion of the T waves in leads 11 and^ itt. 
and one with heart failure had transient 
inversion of the T waves in leads t anc i' 
following reversion. It appears that transient 
prolongation of the P-R intcr\'al is not 
uncommon after ce.ssation of auricti ar 
fibrillation. Changes in the T waves have 
often been observed after reversion of supra- 
ventricular or ventricular tachycardia.' ’ 
Minor abnormalities in the tracings mig U 

• One rrvcTtccJ spontanroii'Iy wiiiiovit any rn'tlir-iti'in 
amiiuca.s' joeuvAi. of vi niof-f 
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be confused with those seen in myocardial 
infarctions but they were not accompanied 
by any alteration in the Q,RS complex. 
Furthermore, the T wave changes may be 
partly the result of digitalis or quinidine for 
in most cases one pr the other of the.se two 
drugs were employed. These T wave 
changes cannot always be attributed to 
drug effect for in one of our patients in 
whom reversion occurred spontaneously 
without any medication there was transient 
inversion of the T wave in leads ii and in. 

Basal Metabolism Determinations. There 
was no clinical evidence of thyrotoxicosis 
in any case. The basal metabolic rate was 
determined in fifty-six of these patients. 
The readings varied from —20 per cent to 
+10 per cent except for one instance of 
+20 per cent (during heart failure). The 
average reading was —7.2 per cent. In a 
certain number of instances repeat deter- 
minations obtained after reversion showed 
no significant difference. It can safely be 
assumed that these patients were not suffer- 
ing from hyperthyroidism. 

Vital Capacity of the Lungs. For the most 
part the vital capacity of the lungs was 
essentially normal in those patients without 
heart failure and showed only a slight 
increase after reversion. There were a few 
exceptions however. Determinations were 
made in twenty-eight patients during the 
arrhythmia and one day after the rhythm 
was regularized. The average figures for the 
two occasions were 3,448 cc. and 3,700 cc., 
respectively. There were three instances of 
abnormally low readings which showed 
increases of 900, 1,300 and 1,300 cc. when 
reversion took place. In the group with 
heart failure the average vital capacity was 
2,575 cc. before and 3,725 cc. after rever- 
sion. When a marked increase takes place, 
it is a fair indication that some congestive 
failure had been present. 

Circulation Time. The arm-to-tongue cir- 
culation time was measured during arrhyth- 
mia and again within forty-eight hours after 
the rhythm became regular in eleven pa- 
tients without congestive failure. The cir- 
culation time with decholin in seven patients 
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varied from 15 to 26 seconds (average 21 
seconds) during auricular fibrillation and 
from 16 to 23 seconds (average 18 seconds) 
with normal rhythm. The circulation time 
in the other four patients varie'd from 1 9 to 
39 seconds (average 29 seconds) with mag- 
nesium sulfate during arrhythmia and from 
19 to 30 seconds (average 24 seconds) with 
normal rhythm. Four patients showed 
significant reductions in circulation times of 
6, 6, 8 and 16 seconds, respectively, with 
normal rhythm. Similar measurements were 
made during and after arrhythmia in only 
two patients with heart failure. The rate 
was 33 and 22 seconds during auricular 
fibrillation and fell to 14 and 20 seconds, 
respectively, with normal rhythm. In gen- 
eral it would seem that the velocity of blood 
flow accelerates somewhat after reversion, 
particularly in patients who previously had 
heart failure. 

Venous Pressure. The venous pressure 
(method of Lyons, Kennedy and Burwell)®^ 
was determined in thirteen patients during 
auricular fibrillation and again within 
forty-eight hours after the rhythm became 
regularized. It varied from 60 to 170 mm. 
H 2 O, averaging 107 mm. HoO during the 
period of auricular fibrillation. When the 
rhythm was regular, the venous pressure 
averaged 97 mm. H 2 O with a range of 55 
to 145 mm. H 2 O. Only two patients had 
elevated venous pressures (170 and 160 mm. 
H 2 O) during the period of auricular fibrilla- 
tion; with normal rhythm their venous 
pressures fell to 140 and 145 mm. H 2 O, 
respectively. The venous pressure was 180 
and 130 mm. H 2 O in two patients with 
congestive failure during arrhythmia. When 
the rhythm became regular, it dropped to 
150 and 45 mm., respectively. As with other 
criteria of circulatory dynamics the venous 
pressure tended to be slightly elevated in 
those with some failure and returned to 
normal after treatment. 

TREATMENT 

There were sixty-two episodes of auricular 
fibrillation in this study occurring in fifty- 
three individuals who received quinidine 
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therapy. Digitalis was administered to all 
patients with rapid ventricular rales in order 
to slow the rate. In only one instance was 
regularization obtained and that occurred 
a few hours after 1.2 mg. of digitoxin was 
given orally. In general the routine of 
administering quinidinc was to give three 
oral doses daily at four-hour intervals, 
starting with an initial dose of 0.2 Gm. and 
increasing each by the amount of 0.1 or 
0.2 Gm. In rare instances the patient 
received four doses a day, and the interval 
between closes in two patients was two 
rather than four hours. In our early experi- 
ence when the three daily doses were 
identical and increases were made each day 
rather than in each dose it took longer to 
obtain reversion. Patients were examined 
just before each dose of quinidine was 
administered for if regularization had been 
obtained by the previous dose the amount 
of the drug would be decreased to a main- 
tenance do.se of 0.2 Gm. two or three times 
a day rather than increased. 

Four patients reverted promptly after 
the first dose of 0.2 Gm. Four others 
reverted after the second dose (0.3 Gm.). 
In thirteen instances regularization occurred 
after the third do.se (0.4 Gm.). Only fourteen 
paiient.s required doses in excess of 0.7 Gm. 
In eight the amount had to be gradually 
inerea.<;ed to single doses of 1.0 to 1.5 Gm. 
In one case reversion took place after five 
individual doses of 1.0 Gm. each, and in 
another after three individual do.ses of 
1.1 Gm. In the final patient regularization 
did not occur until a dose of 1.5 Gm. was 
reached, .\lthough the number of patients 
with congestive failure was not great (seven 
ca.ses). the dose reejuired for regulariza- 
tion was somewhat larger than in those 
without heart failure. However, in both 
grou{)< small clones were adequate in some 
and very larue doses were necessary- in 
others. There were seven fiiilurcs in the 
treatment of sixty-two different aitack.s of 
fibrillation, i.e.. SS.5 jxt cent successes. In 
three \oung men. ag<'d thirty-two. thirty- 
seven and thirty-nine years, treatment was 
un'urce".!‘u! after individu.'t! duse> of O/J. 


2.0 and 1.5 Gm., respectively. fourth was 
a man sixty years of age who twice before 
responded satisfactorily to quinidinc ihcrapv 
but finally was refractory even to doses of 

1.0 and 1.2 Gm. In a fifth case trcainient 
had to be discontinued after a dose of 0.5 
Gm. because of marked nausea and ringing 
in the ears. Another forty-seven year old 
man developed auricular flutter and failed 
to become regular despite a dose of 1 .0 Gm. 
(Case VII.) The last patient was a sixty-seven 
year old man who responded favorably to 
quinidinc many times in the past but 
finally failed to revert on increasing doses 
up to 1.5 Gm. This patient was even given 
1.2 Gm. intravenously without success. A 
short time later regularization did occur at 
another hospital but the dosage employed 
is not known. (Case v.) In all cases in which 
the arrhythmia persisted after quinidinc 
therapy a proper maintenance dose of dig- 
italis was given. The previous duration of 
the irregularity did not have any signifi- 
cant influence upon the case with which 
normal rhythm could be restored or the 
dose of quinidine required. It is evident 
that as a gi'oup ihc.se patients have a high 
incidence of favorable response to quinidinc 
(88.5 per cent) and that only small or 
moderate doses were required in most cases. 
It is obvious, however, that some of the 
most satisfactory results were obtained only 
when very large doses were employed. I his 
experience is in striking contrast to the 
results obtained in the treatment of mitral 
stenosis and auricular fibrillation. In that 
condition regularization following quinidine 
cannot be expected to occur in more than 
one-third to onc-half of the cases. 

Toxic Reactions and Complications. Worri- 
some toxic reactions with tjuiniclinc were 
very uncommon in this group of patients. 
With the large doses that were used in some 
of the patients, there was often a feeling of 
slight nau.sca, weakness and buzzing in the 
cars. These symptoms did not interfere 
with our therapy nor did they inhibit m 
from continuing quinidine if it seemed 
indicated, riicre was one patient that went 
into shock after receiving five 1 fim. do-es 
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of the drug. In fact, it seemed as if his licart 
had actually stopped. The patient had a 
convulsion but normal rhythm was quickly 
resumed with complete recovery. (Case ii.) 
One woman, fifty-five years old, had a mild 
left hemiparesis forty-eight hours after 
resumption of normal rhythm. Complete 
recovery took place four days later. A 
diagnosis of questionable embolism was 
made. A third patient had a transient 
erythematous macular rash forty-eight hours 
after the last dose of quinidine. Auricular 
flutter developed in ten patients during 
quinidine therapy. In seven of these pa- 
tients normal rhythm was eventually re- 
sumed and in three auricular fibrillation 
returned and persisted. It is striking that 
serious complications were practically ab- 
sent so that quinidine therapy can be 
regarded as a safe procedure in the group 
of patients with auricular fibrillation who 
had no significant heart disease. 

PROGNOSIS 

The prognosis in this group was quite 
good. There were seventy-one patients in 
whom adequate follow-up information was 
available. Of the fifty-three intimately 
studied in the hospital only six subsequently 
died. One patient had a recurrence of 
auricular fibrillation after maintaining a 
regular rhythm for three years. No attempt 
at re-regularization was made. One and 
one-half years later he developed angina 
pectoris and died six months after this at 
the age of fifty-five. (Case iii.) Two others 
relapsed into auricular fibrillation and died 
of an unknown cause one and two years 
later at the ages of sixty-nine and sixty-one 
years, respectively, having first manifested 
gross irregularity six and four years before 
death. Two patients died of cancer at the 
age of sixty and sixty-three, the first twelve 
and one-half years and the other six months 
after reversion to regular rhythm. The sixth 
died as the result of an automobile accident 
one month after quinidine therapy. 

In addition, there were five deaths among 
the thirty-one other patients. One was shot 
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three years after the onset of ixrrljythmin. 
Another man died at the age of forty-one 
Irom angina pectoris which he had for six 
months, seventeen years after the onset of 
auricular fibrillation. A third died of 
cerebral hemorrhage eight years after fibril- 
lation was first noted. ‘ Autopsy did not 
reveal any embolism. The other two patients 
died of cerebral emboli at the ages of fifty- 
two and sixty after thirty-one years and 
five and one-half years, respectively, of 
chronic auricular fibrillation. Considering 
the large number of patients, especially 
males, involved in this study it is not sur- 
prising that there have been a small number 
of cardiovascular fatalities such as those due 
to coronary or cerebral vascular disease. 
This would necessarily be true of any group 
of adults followed well into the second half 
of life. The one cardiac complication that 
might be directly related to the presence of 
auricular fibrillation would be emboli com- 
ing from auricular mural thrombi. We have 
no case of this sort that has been confirmed 
postmortem. The two instances in which 
the clinical diagnosis of cerebral embolism 
was made afford presumptive evidence that 
thrombi may develop in the left auricle in 
these cases. If this is so, the evidence 
presented indicates that it must be a rare 
phenomenon. 

The average duration of life among the 
sixty living patients is 10.0 years from 
the beginning of the cardiac arrhythmia. 
The average age of these patients wTen last 
heard from was 56.0 years. During this 
period of observation there was no known 
instance of thyrotoxicosis. One patient 
developed coronary thrombosis at the age 
of fifty- two from which he recovered. This 
illness occurred four years after a recurrence 
of persistent auricular fibrillation. He was 
doing well although still fibrillating two 
years later. Another patient began to show 
evidence of congestive failure while in 
persistent fibrillation but responded to 
cardiac therapy and is still able to do a 
moderate amount of work as a farmer two 
yeai's later. A final patient (Case vii) had 
hemiplegia two years after the onset of 
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auricular fibrillation which did not respond 
to quinidinc. The striking feature is the 
absence of cither heart failure or any other 
significant cardiac disability except palpi- 
tation in most of these patients. 

DUR.\TION OF REGULAR RHYTHM 

•Among the patients obscr\'cd intimately 
in the hospital there were forty-seven in 
whom regularization was obtained. Ade- 
quate follow-up information was available 
in forty-three. Twenty-five of them were 
fifty years or older and eighteen were under 
fifty years. Nineteen of the older group 
relapsed into auricular fibrillation: nine did 
so within one year, but the average duration 
of normal rhythm before relapse in this 
group was twenty-one months. In the 
younger group only five of eighteen pa- 
tients relapsed, and the average duration of 
normal rhythm before relapse was 61.4 
months. Only one of this gi'oup relapsed 
within one year. The average duration of 
regular rhythm in the entire group that did 
rclap.se was 26.9 months. It is evident from 
this analysis that the duration of regular 
rhythm is much longer in the younger than 
in the older patients. 

.Another factor that seemed to influence 
the duration of regular rhythm was the 
length of time auricular fibrillation had 
previously Ijcen present. In the group in 
wliich the irregularity persisted for over one 
year regularization lasted an average period 
of 1 5.6 months. When fibrillation had been 
present less than one year, the subsequent 
period of regular rhythm was 35.1 months. 
'I'liese figures only pertain to those who 
reverted to the irregularity. There were 
nineteen patients wlto maintained a regular 
rhythm throughout the period of ob.scr\’a- 
ti{)n. Only two of them had had auricular 
fibrillation for more than one year and all 
but five were under fifty years of age. It is 
of interest that one {)atie[U has maintained 
a regular rhythm for twenty-one years since 
rever'ion. It follows, therefore, that the 
shorter the p-ricKl of irregularity the longer 
th.e p'Tiixl of regular rhythm. 


COM^tE^'T 

All the factors which lead to heart failure 
in patients with auricular fibrillation but 
without evidence of organic heart disease 
arc not known. The duration of auricular 
fibrillation did not appear to be the deter- 
mining factor. Fricdlandcr and Levine’’ 
reported four such eases of permanent 
auricular fibrillation of nine and thirty-one 
years' duration in which no evidence of 
heart failure was present. One of these 
patients has had this gi'oss arrhythmia now 
for twenty-seven years. It started at the age 
of twenty-two, and for the following fifteen 
years he received no cardiac medication 
whatever although the ventrieular rate was 
moderately rapid. He always refused to try 
quinidinc. In 1935 during the cour.se of 
lobar pneumonia the ventricular rate rose 
to 185. He was then digitalized and has 
taken a maintenance dose of 0.1 Gm. of 
digitalis leaf daily ever since. There has 
never been any evidence of heart failure. 
This patient is able to do hard work without 
difficulty at the present time. During the 
past twenty years the vital capacity of the 
lungs decreased from 4,300 cc. to 3,600 cc. 
There were three other patients in this 
present study who were known to have had 
persistent auricular fibrillation for fifteen 
years without complications, and another 
instance in which it was judged from the 
history that the arrhythmia had persisted 
for forty-four vears without producing 
cardiac failure. 

It is of further interest that frank con- 
gestive failure did not occur in any patient 
with auricular fibrillation of more than one 
year's duration, liut there were two in- 
stances in which latent conge,stive failure 
was present when the irregularity lasted 
three years. In all seven instances of frank 
failure and in five of the seven cases ol 
latent heart failure the irregularity lasted 
only weeks or months. It would appear that 
if heart failure is to develop it does so com- 
paratively soon after tlie irregularity first 
appears if it jMTsists. 


A M H I f \ S j f P A I 


Of \f f r» r ' r * 



Auricular Fibrillation — Phillips, Levine 


The actual ventricular rate seems to have 
a definite influence on the development of 
heart failure in these cases. The average 
ventricular rate before digitalis therapy in 
those with frank failure was 146 (I'anging 
from 122 to 170), in those with latent failure 
119 (ranging from 100 to 134) and in those 
without failure 100 (ranging from 72 to 
160). Only two of the latter group had 
heart rates over 118. 

It is impossible to predict how long 
normal rhythm will persist in any given 
patient. The ease with which the patient 
reverted to normal rhythm on quinidine 
was no index to the duration of regular 
rhythm. Fifty per cent of those who re- 
sponded favorably after one to three doses 
of quinidine went back into auricular 
fibrillation within six months. In contrast, 
one patient who required three doses of 
1.1 Gm. each had no recurrence of arrhy- 
thmia in the subsequent twenty-one years. 

In appraising the value of regularization 
of the heart by use of quinidine one naturally 
would have to consider the risk of the pro- 
cedure, duration of the regular rhythm 
once it had been obtained and improvement 
in the general health of the patient. In this 
group of cases under consideration there 
were no untoward results. One may con- 
clude that the risk was negligible. The dura- 
tion of regular rhythm was sufficiently long 
to make one believe that therapy was worth 
while. The average duration of normal 
rhythm will obviously become longer and 
longer because many patients are still 
continuing with a normal heart rhythm for 
years. Finally, the group that had congestive 
failure was obviously helped tremendously 
as they were restored to good health. The 
same was true to a less dramatic degree in 
those who had latent failure. The experi- 
ence with the latter two groups of cases lead 
us to the opinion that development of heart 
failure was prevented by regularization of 
the rhythm in some of the other patients 
who were well compensated and essentially 

asymptomatic. 

A certain number of patients are en- 
countered in practice who have auricular 
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fibrillation and cardiac enlargement with- 
out apparent cause. These are often diag- 
nosed as “heart disease of unknown etiology” 
or as “chronic myocarditis.” Perhaps if the 
blood pressure is slightly elevated the case 
is designated as hypertensive heart disease. 
In time, irreversible cardiac enlargement 
and chronic congestive failure lead to death. 
We believe that many such cases originally 
were instances of auricular fibrillation with- 
out significant heart disease. Our six cases 
of frank congestive failure which were 
reverted to normal rhythm would un- 
doubtedly have remained in chronic con- 
gestive failure on digitalis therapy and 
considered as examples of “chronic myo- 
carditis.” Restoration of normal rhythm 
abolished the congestive failure and re- 
vealed an essentially normal heart. The 
seven patients with latent congestive failure 
also illustrate the same sequence. Progres- 
sive cardiac enlargement and congestive 
failure would probably have developed and 
become irreversible if the auricular fibril- 
lation had been allowed to persist. It is 
obvious that auricular fibrillation cannot 
be assumed to be due to organic heart 
disease. Such an attitude might make the 
physician fearful of using quinidine and 
condemn these patients to chronic invalid- 
ism and eventually to a cardiac death when 
the condition might have been prevented 
early in its progress or corrected even after 
it had become fairly well advanced. 

SUMMARY AND CONCLUSIONS 

1. Eighty-four patients with auricular 
fibrillation of unknown etiology who had 
no evidence of organic heart disease were 
studied. Sixty-one had permanent fibrilla- 
tion and twenty-three had transient fibril- 
lation. Eighty-seven per cent of these were 
males. The average age was fifty years, 
ranging from twenty-three to sixty-seven 
years. The average blood pressure was 
128/80. The average basal metabolic rate 
was —7.2 per cent. 

2. Forty-seven patients were studied care- 
fully before and after reversion of the 
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anhylhinia with (luinidinc. Six had marked 
congestive failure. A seventli patient who 
did not respond to quinidine also had con- 
gestive failure. Seven others liad latent con- 
gestive failure. 

3. The most common symptom of those 
without failure was palpitation. In the 
group with failure the customary features 
of dyspnea, orthoijnea and an enlarged 
liver were present. 

4. The transverse diameter of the lieari 
averaged 14.4 cm. during librillation and 

14.3 cm. after reversion in twenty patients 
without frank failure. 'I’he transverse diam- 
eter in four cases of congestive failure 
averaged 17.4 cm. during and 1 .3.4 cm. after 
auricular fibrillation. 

5. Six patients had slight inolongation 
of the P-R interval after reversion. One of 
these reverted spontaneously without any 
medication. Four patients showed transient 
inversion of T waves after reversion, one of 
which reverted spontaneously without any 
medication. 

6. The vital capacity of the lungs aver- 
aged 3,448 cc. in twenty-eight patients 
without failure during auricular fibrillation 
and 3,700 cc. after reversion. In the group 
with failure the vital capacity increased 
from 2,575 to 3,725 cc. 

7. The arm-to-tonguc circulation time in 
eleven patients without failure averaged 
24 seconds during auricular fibrillation and 
20 seconds after regularization. 

8. The venous pressure averaged 107 
mm. HoO in thirteen patients without 
failure during auricular fibrillation and 
97 mm. HoO after reversion. 

9. Regularization following quinidine oc- 
curred in 88.5 per cent of the patients and 
there were no untoward complications. In 
those that did relapse the normal rhythm 
persisted on the av'cragc for 26.9 months. 
The average duration of regular rhythm in 
patients under fifty years who relapsed was 

61.4 months; in those over fifty it was 
twenty-one months. Nineteen patients have 
not relapsed and still have regular rhythm 
after two months to twenty-one years. This 
maintenance of regular rhythm is much 


longer th;m in patients with organic heart 
disease who were reverted with quinidine. 

10. In the grou]) showing advanced con- 
gestive heart failure, dramatic therapeutic 
responses were obtained, all symptoms 
and .signs of heart failure disappearing after 
regularization. 

11. It is concluded that auricular fibrilla- 
tion fiei sr may produce cardiac dilatation 
and progressive congestive failure in pa- 
tients with otherwise' normal hearts. This 
is a truly reversible type of heart failure. 

12. There is reason to believe that a con- 
.siderablc number of patients with auricular 
fibrillation, cardiac enlargement and con- 
gestive failure (that eventually becomes 
irreversible) have little or no organic heart 
disease. We are also of the opinion that 
regularization of the rhythm with quinidine 
in the e.arly stages may prevent progressive 
heart failure and in the latter stages may 
even be curative. 
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Function of the Kidney and Metabolic 
Changes in Cardiac Failure"^ 


Ei.liot V. Nkwman, m.d. 
liallitmrf. Starylovjl 


T hk purpose of this paper is to pre- 
sent and discuss some studies de- 
signed to describe tlie functional 
alterations of the kidney in cardiac failure. 

It has long been known that in congestive 
failure with edema the excretion of sodium 
chloride is impaired and that the kidney 
function, as measured by less precise 
clinical tests, is diminislied. During the 
years preceding the apjjlication of the more 
precise tests of renal function the kidney was 
assigned a secondary role in the pathogene- 
sis of edema. According to .Starling's con- 
ceptions, an incrca.scd extravasation of fluid 
through the peripheral caijillary membrane 
due to increased venous back pressure from 
the failing heart was considered the primary 
cause of edema.' However, in his lectures 
in 1908 Starling surmised that the failing 
heart with low output would lead to periph- 
eral splanchnic constriction and that the 
reduced flow to the kidney would le.ssen 
the output of fluid. 

In recent years, since the application of 
clearance methods of determining renal 
blood flow and glomerular filtration rate, 
the kidney has been assigned a primary role 
in the accumulation of edema. The renal 
retention of salt was ascribed by Stead, 
Warren and Merrill to the effects of 
diminished blood supply to the kidney from 
the failing heart.- This was designated 
“forward failure” to the kidney and was 
considered to be the primary factor in 
edema formation, in contrast to the factors 


of backward pressure in tiic jDcriphcral 
capillary or to the effect of venous pressure 
upon the kidney it.sclf. 

In 1942 the first extensive studies corre- 
lating carditic output with changes in the 
renal circulation and venous pressure were 
made by Seymour. Pritchard. Longlcy and 
Hayman." They found reduction in renal 
blood flow and glomerular filtration rate 
with a lowered cardiac output. After cardiac 
compensation, with a rise in cardiac output, 
the renal blood flow increased more than 
the glomerular filtration rate. They at- 
tributed the renal circulatory pattern during 
failure to the effect of high venous pressure 
upon the kidney. Later in 1944 Merrill 
confirmed these findings but noted that the 
diminution in renal blood flow correlated 
well with the diminution in cardiac output 
but had no correlation with the height of 
venous pre.ssure. * Merrill concluded that 
increased venous pressure was not the cause 
of the decreased renal blood flow with a 
relatively high glomerular filtration rate, 
but that the renal circulatory pattern was 
the result of inadequate output of the failing 
heart, causing constriction of the cffcient 
glomerular arterioles which would tend to 
maintain the intraglomcrular pressure. 

This pattern of the renal circulation in 
cardiac failure is now well establishe 
There may be constriction of the affeient 
glomerular arteriole also but there is re a 
tivcly more of the efferent component. It is 
apparent that reduced blood flow due to 
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constriction of the efferent arteriole of the 
gJomerulus tends to maintain or increase 
the pressure in the glomerular capillaries 
even though it offers resistance to the 
total blood flow. That this type of adjust- 
ment in the intrarenal circulation might 
take place was suspected by Starling and 
has been described extensively by Homer 
Smith and other workers. 

The question then arises, how does this 
circulatory pattern bring about the reduc- 
tion in excretion of sodium and chloride 
which are the main constituents of edema 
fluid? Merrill and Stead, and lately Leiter 
and Mokotoff, have elaborated further upon 
the relationship of the circulation to sodium 
retention by the kidney.^ They believe that 
the primary cause of the renal retention of 
sodium is the diminished glomerular filtra- 
tion rate. They reason that the decrease in 
the amount of fluid filtered by the glomeruli, 
and hence of sodium presented to the tu- 
bules, causes the low output in the urine. It 
was suggested by Merrill that when the glo- 
merular filtration rate falls below a “criti- 
cal level” of about 70 cc. /min., retention of 
sodium is marked because almost all of the 
filtered sodium is reabsorbed by the tubules. 

Thus it has been shown that the renal 
blood flow and glomerular filtration rate 
are reduced in cardiac failure and it has 
been postulated that the primary change in 
the kidney responsible for sodium retention 
is decrease in the glomerular filtration rate. 

Our studies were made to describe the 
mechanism of salt retention by the kidney 
by correlating the changes in renal function 
with the clinical and metabolic condition 
of the patient, also to determine some of the 
factors causing salt retention by a study of 
the effect of stress and drugs upon the 
kidney in normal subjects and patients with 
cardiac failure. In the study of the correla- 
tion of renal function with the clinical and 
metabolic condition of the patient we have 
followed the principle of making intensive 
study of a few patients throughout the 
course of their failure rather than a few 
observations on many patients at different 
•Stages of failure. If the theory that dimin- 
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ished filtration rate causes salt retention is 
correct, one might expect some correlation 
between the over-all balance of sodium and 
the level of glomerular filtration rate. 
Another principle which we have followed 
is that of accurately determining the body 
balance of electrolytes since the kidney is 
primarily responsible for the maintenance 
of this balance. If some function of the kidney 
is to be held responsible for the amount of 
edema, it seems inescapable that accurate 
proof of gain or loss of the extracellular 
fluid ions, sodium and chloride, must 
simultaneously be provided. Furthermore, 
since we suspected that changes in the 
composition of tissue cells might result from 
congestive heart failure we have deter- 
mined the metabolic balances of nitrogen 
and of the main intracellular cation, 
potassium. 

The first patient studied was a thirty- 
seven year old colored woman with marked 
congestive failure secondary to rheumatic 
mitral and aortic valvular deformities. 
There was no clinical evidence of active 
rheumatic fever. When admitted to the 
hospital she was markedly orthopneic and 
dyspneic while at rest in bed; there was 
distention of the neck veins and peripheral 
edema. 

Figure 1 shows weight (solid dots) and 
venous pressure (hollow dots) with the 
periodic determination of glomerular filtra- 
tion rate (GFR), renal plasma flow (RPF) 
and the filtration fraction (FF) during the 
course of four months. Each point concern- 
ing renal function represents an average of 
from three to six determinations during 
two to three hours on that day. During the 
first forty days weight loss, fall in venous 
pressure and symptomatic improvement 
were associated with a rise in renal plasma 
flow and fall in filtration fraction to normal. 
There was no significant change in the 
arlomerular filtration rate. Thereafter the 
patient was at home and the circulatory 
status deteriorated again. She returned to 
the dispensary and was obseiwed again to 
exhibit increased weight and venous 'pres- 
sure with markedly reduced renal plasma 
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flow but with the same "lomerular filtration 
rate. 

The glomerular liltration lale was quite 
constant and within normal limits for this 
patient throughout the emirc period of 
observation. Her normal glomerular filtr.i- 



Fio 1 Summai> of the clclcrimnauon^ of rinnl plasin.t 
flots (RPr), glomerular filtration rate (Gl'R), filtr.i- 
tion fraction (rP), bocl> u eight (solid dots) and periph- 
eral venous pressure (open circles) in patient L S 

tion rate according to the standards of 
Homer Smith would be 100 cc./min. The 
range was 85 to 115 cc. /min. 

During the period of weight loss metabolic 
studies were performed on this patient. No 
medication except a maintenance dose of 
digitalis was given. (Fig. 2.) On the top of 
the chart arc the periodic determinations of 
glomerular filtration rate (Cj„), renal plasma 
flow (Cpaca) and filtration fraction (FF) 
over the twenty-four days of observation, 
with weight (\VT) and venous pressure 
(VP). Below are the daily balance boxes for 
sodium, chloride, potassium and nitrogen 
determined by chemical analyses of the 
patient’s dietary intake and urinary and 
stool output. The darkened areas when 
above the line represent negative balance 
or loss; when below the zero line, positive 
balance or retention. The distance from the 
bottom of the daily box up to the zero line 
represents the intake. 


Loss of sodium and chloride wcie parallel 
to the drop in weight and t-enous pressure 
At first the intake of sodium chloride was 
low (2 Gm. of .sodium chloride); later the 
intake was raised by an additional 5 Gm. of 
.sodium chloride. The increased intake had 



I'lO 2 The renal function determinations, \cnoiis 
pressure (VP), bod\ weight (\VT) and daily meta- 
bolic balance boxes for chloride, sodium, potassium 
and nitrogen in patient L -S o\tr the t\\ent>-four 
da\s coseiing the period represented b\ da\s 20 to 
44 in rigiiie 1. Nitrogen is in Grams, ekctrolstcs in 
milh-equi\alents FP is filtration fi action. Cm is 
clearance of inuhn oi the gloimiular filtration rate 
and C,„r« is clearance of para-acct\l-aniinohippuric 
aciel and is a measure of renal plasma flow The 
shaded are-i-s in the balance boxes when aboee the 
zero line represent negative balance or loss, and when 
below the zero line, positive balance or gain The 
distance from the bottom of a box to the top is the 
total daily output and the distance from the bottom 
of the box to the zero line is the intake The small 
section at the bottom of each box is the daily output 
in the stool. The remainder of the output is in the 
urine 

very liillc effect on the general couisc of 
sodium chloride balance, the kidney rapidly 
excreting the extra salt. All these changes in 
sodium and chloride balance and total 
output took place without any significant 
variation in the glomerular filtration rate. 
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We conclude from these observations 
during recovery from congestive failure that 
the excretion of sodium chloride is not neces- 
sarily correlated with changes in glomerular 
filtration rate. Furthermore, a normal 
glomerular filtration rate can be maintained 
during congestive failure. 

Of interest is the marked change in the 
balances of potassium and nitrogen. Large 
amounts of nitrogen (representing 20 to 30 
Gm. of protein a day) were retained for two 
weeks. Furthermore, the retention of potas- 
sium was more than could be accounted for 
on the basis of the ratio of the amount of 
potassium to nitrogen in body cells.® There 
are two possible explanations for the pro- 
tein storage. First, it may represent reple- 
tion of stores lost because of previous dietary- 
inadequacy; second, it may represent repair 
of injury to body cells. Injury to cells might 
occur directly from circulatory insufficiency 
or by a catabolic reaction due to adrenal 
cortical activity. The retention of extra 
potassium might also be a replacement for 
sodium which had entered tissue cells 
during failure. These speculations con- 
cerning the significance of potassium and 
nitrogen retention obviously require further 
investigation. 

The second patient was a thirty year old 
man with a history of rheumatic heart 
disease. He had dyspnea with minimal 
cyanosis on slight exertion. He had minimal 
but definite edema of the feet and a venous 
pressure of 160 mm. of water. His heart was 
enlarged to the left and right and the 
electrocardiogi'am revealed auricular fibril- 
lation. Enlargement of the left auricle and 
calcification of the mitral valves were 
demonstrated by x-ray. He had been taking 
digitoxin, 0.1 mg. a day, for several months 
and this was continued with no other 
medication. 

On the top of Figure 3, which covers one 
month, it is to be observed that the glomeru- 
lar filtration rate was 70 to 80 cc. /min., 
which is 50 per cent of the expected normal 
value for this patient since he was a large 
man. The renal plasma flow was 180 to 
220 cc. /min., which is about 30 per cent of 
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normal, resulting in an cle\-ated filtration 
fraction of 0.40. Throughout the period of 
balance study no significant change in 
these values occurred. The initial loss of 
weight was accompanied by a fall in venous 
pressure from 1 60 mm. to normal and there 
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Fig. 3. The renal function determinations, body 
weight and daily metabolic balance boxes of sodium, 
chloride, potassium and nitrogen in patient tV. M. 
After the metabolic studies were completed the pa- 
tient’s auricular fibrillation was converted to sinus 
rhythm by quinidine administration. This was fol- 
lowed by a rise in glomerular filtration rate to 100 
cc./min., accompanied by no further weight loss. 
Method of construction of the balance chart same as 
in Figure 2. 

was marked negative balance of sodium 
and chloride. Following this there was 
retention of sodium and chloride for several 
days. The total amount retained during 
this period was nearly equal to that lost 
previously. However, no change in weight 
accompanied this retention. During this 
phase the intake was changed from 3 Gm. 
of sodium chloride to 7 Gm. The extra salt 
was promptly excreted with no alteration 
in the balance pattern. Later the patient 
was allowed up and given daily exercise 
which was associated with some further 
sodium chloride i-etention. No significant 
gain or loss of potassium or nitrogen occur- 
red in this patient. 


Kidney Function in Cardiac Failure — Newman 


494 

We conclude from tins study that a 
glomerular filtration rate 50 per cent of 
normal and a renal plasma flow diminished 
to one-third normal did not prevent loss of 
edema and superfluous body sodium, nor 
was there any correlation between either 
glomerular filtration rate or renal plasma 
flow and sodium chloride balance. This jja- 
ticnl had persistent renal ischemia through- 
out the observation period and was able to 
excrete stored body sodium as well as 
sodium added to his intake. The renal blood 
flow did not increase with compensation 
as in the first patient. 

It is of some incidental interest that after 
completion of the balance study the auricu- 
lar fibrillation was converted to regular 
sinus rhythm by quinidine administration. 
This was accompanied by a definite rise in 
glomerular filtration rate which was proba- 
bly a reflection of a more efficient cardiac 
mechanism producing increased output. 

This patient showed no disturbance in 
potassium or nitrogen balance. It is difli- 
cult at this stage of our knowledge to specu- 
late on the reasons for thcdifl’crence between 
the behavior of potassium and nitrogen in 
the two patients. The latter patient had only 
mild congestion and edema and at no time 
was in as severe congestive failure as was the 
first patient. Another feature which is diffi- 
cult to explain is the lack of weight gain 
associated with a significantly large reten- 
tion of sodium and chloride. One wonders 
if a shift in body water occurred so that a 
loss in cell water balanced a gain in extra- 
cellular water. In other words, might there 
be a shift of water from cells to extracellular 
fluid w'hich would require a gain in sodium 
and chloride without over-all gain in w'cight? 

In general, from these case studies and 
others not reported here, w'e have found 
no simple correlation between the course 
of body sodium chloride balance and the 
renal circulatory pattern during recovery 
from congestive cardiac failure and edema. 
It is apparent that other factors must play 
a decisive role in governing the excretion of 
salt by the kidney. The idea that a diminu- 
tion in glomerular filtration rate is the 


primary reason for retention overlooks the 
possibility of metabolic or humoral influ- 
ences upon the renal tubular cells w-hich 
are responsible for the rcaitsorption of most 
of the glomerular filtrate. These metabolic 
changes might be initiated by the effects 
of inadequate circulation to other parts of 
the body. It is certainly not unreasonable 
to suspect that antidiurctic and salt-retain- 
ing humoral substances may be liberated 
and increase the renal tubular rcabsorption 
of .salt. Furthermore, very little or nothing 
is known about the influence of the renal 
nerves upon renal cell activity although 
nerve endings around the renal tubules were 
demonstrated by Berkley in 1893." Marshall 
demonstrated increased excretion of water 
and chloride by the denervated kidneys of 
dogs.'^ These experiments have recently 
been repeated by Kriss, Futchcr and Gold- 
man.'* I know of no proof of the nervous 
control of renal electrolyte excretion .since 
the advent of modern methods for studying 
renal function. 

Thus the renal tubular cells are e.xposed 
to many possible influences besides altera- 
tions in tlie amount of glomemlar filtrate 
presented to them. Reduction in the amount 
of glomerular filtrate presented to the renal 
tubules may occur in cardiac failure but 
apparently other factors governing renal 
tubular activity arc as important. The 
renal tubular ceils arc ultimately responsible- 
for the regulation of output by selective re- 
absorption, allow’ing a small percentage of 
the filtered substances to escape into the 
urine. 

Before concluding, one type of experiment 
should be considered w'hich demonstrates 
a specific influence of exercise on sodium 
and chloride excretion and may represent 
in part the renal mechanism responsible 
for the edema in cardiac failure. The most 
common stress in our daily lives is exercise, 
standing and walking. In a patient wit i 
congestive failure it is knowm fi'om clinica 
observation that ordinary daily exercise ma) 
lead to edema. The effect of mild exercise 
on normal people and on patients witi 
cardiac failure has been investigated m 

E D I C 1 N E 


AMERICAN JOURNAL OF M 



Kidney Function in Cardiac Failure — Newman 


495 


order to gain some insight into alterations 
in the renal mechanism which may occur. 

The data in Figure 4 represent the effect 
of walking the length of the ward corridor 
ten times (200 yards) in thirty minutes on 
the renal circulation and electrolyte excre- 
tion in a patient with congestive cardiac 
failure. The patient was a fifty year old 
man who was admitted to the ward with 
congestive failure following an episode of 
substernal pain six weeks previously. He 
showed dyspnea on exertion, elevated ven- 
ous pressure, an enlarged heart with 
normal rhythm and normal blood pressure. 
There was marked edema of the legs and 
some over the sacrum. The electrocardio- 
gram was interpreted as showing evidence 
of an old anterior myocardial infarction. 
As seen on the lower portion of the illustra- 
tion the glomerular filtration rate (Ci„ and 
Ccr) was 80-90 cc. /min. or about two- 
thirds normal, the renal plasma flow 
(Qpaca) 200 cc. /min. ^or one-third normal 
with a filtration fraction of 0.3 to 0.4. There 
was no consistent change in filtration rate or 
renal plasma flow during the exercise. The 
pattern was that of renal ischemia with 
evidence of efferent glomerular arteriolar 
constriction producing a high filtration 
fraction. Above are the curves for the 
excretion of water and the electrolytes, 
potassium, phosphate, sodium and chloride. 
Since one is particularly interested in the 
reaction of the renal tubular cells to the 
glomerular filtrate, the urinary output of 
these substances has been expressed as the 
per cent of the glomerular filtrate which is 
excreted. In other words, a fall in the per- 
centage excreted means that the tubular 
cells have reabsorbed a higher fraction of 
the amount of the substance presented to 
them by the glomeruli. Furthermore, the 
chart is so constructed that one can im- 
mediately detect a selective change in one 
electrolyte with respect to another. If the 
tubules are changing their percentage 
reabsorption in an unselective manner, the 
lines would all be parallel. Deviation of one 
line from another represents a selective 
OCTOBER, 1949 



Fig. 4. The changes in renal function and electrolyte 
e.vcretion during and following the injection of test 
materials (called “control” and first “supine” rest 
periods), during e.xercise (\valking) and during a 
recovery rest period (second “supine” period). Cpo 4 is 
plasma clearance of phosphate; Ce is clearance of potas- 
sium; Cci is clearance of chloride; Cn® is clearance of 
sodium; Ccr is clearance of creatinine; FF is filtration 
fraction; Cpaca is clearance of para-acetyl-aminohip- 
puric acid and is a measure of renal plasma flow. 
Glomerular filtration rate was determined by both 
the clearance of inulin (Cm) and creatinine. The pa- 
tient L. H. had congestive cardiac failure with edema 
at the time of observations. In this patient specific 
sodium and chloride retention occurred without sig- 
nificant changes in the glomerular filtration rate or 
renal plasma flow measurements. The excretion of 
potassium and phosphate was unaffected by the exer- 
cise and did not parallel the marked fall in sodium and 
chloride excretion. This pattern of electrolyte excre- 
tion is typical of that seen in the patient with cardiac 
failure. Frequently a fall in glomerular filtration rate 
is obsen'ed also. This type of response to exercise can 
be observed in normal subjects, with or without a 
measurable drop in glomerular filtration rate. In 
the cardiac subject the retention of sodium chloride is 
much more marked than would be obser\’ed gen- 
erally with the same amount of mild e.xercisc in a 
normal subject. 
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cliani>c in exact proportion to tlic lelalive 
distances liclwecn the lines on the eliait. 

It is apparent that a drainatie seleelive 
change in the cxci ction of sodium, chloride 
and water occurred witliout significant 
change in potassium, phosphate or the 
glomerular filtration rate during exercise. 
The change in sodium is ten-fold, and return 
to the prc-cxcrcisc values occurs after rest. 

The investigator must be careful in this 
type of experiment to observe the efiects of 
the injected substances on lenal function. 
During the period marked “control” are 
recorded the changes in electrolyte excre- 
tion caused by the injection during the first 
ten minutes of the test substances, inulin 
and para-acctylaminohippuric acid. These 
changes arc recorded in order to be cei tain 
that a fairly steady state is reached before 
exercise is begun. It is known from other 
experiments that the electrolyte excretions 
w'ould be parallel and nearly constant if no 
exercise w-erc performed after these adjust- 
ments took place. These observations serve 
to emphasize that the interpretation of 
electrolyte excretion patterns must be made 
with the closest scrutiny of the test condi- 
tions and the effect of substances injected. 

It is concluded, then, that inadequate 
output of the failing heart may produce 
complicated and profound metabolic effects 
on peripheral tissues as well as on the func- 
tions of the kidney. The patient must be 
studied not only at rest but also under the 
stresses of daily activity. Only then can one 
obtain an integrated picture of the many 
inter-related factors involved in the pro- 
duction and retrogression of congestion and 
edema. It has been noted that ischemia of 
the kidney occurs presumably as a result of 
inadequate cardiac output. This may cause 
some retention of sodium and chloride by 
diminishing glomerular filtration rate. How- 
ever, the ultimate responsibility for reten- 
tion rests with the specific selective mech- 
anisms of the renal tubular cells whose 
reabsorptive activity must be sensitive to 
factors other than the reduction in the 
amount of fluid presented to them by the 
diminished circulation. The effects of pos- 


(uic. cxcicise. humoral substances and the 
lenal ncives have yet to be adeqnatcK 
detei mined, and the natuieol the mctaboliL 
injury to other tissues is a 1 datively unex- 
plored piiase of the problem. 

Many people have contiiijutcd to this work 
which began with a study of methods of de- 
termining icnal function with Dr. James 
Bordley m and Dr. Louis Alport in 1942 In 
carrying out the metabolic balance studies we 
have had the advice and cooperation of Dr 
John Lager Howard and the technical assist- 
ance of Mr. Hariy Lisenberg and Miss Doroth) 
Wagner. The dietaiy regulation and calcula- 
tions were cairied out by Miss Janette Carlsen. 
Mrs Lucille Opie and Mrs. Barbara Crozier. 
The chief contribution of work in the labora- 
tor\‘ has been made by Miss Marion Birming- 
ham and Miss Margot Robinson. Wc have also 
had the advice of Drs E. K. Marshall. Kenneth 
Blanchard and L Cowles .'\ndrus 
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F or a long time the occurrence of tri- 
cuspid valvular disease had been con- 
sidered rare and its clinical recognition 
almost impossible. Studies^"® during the 
past ten years, however, have added much 
to our knowledge of this valvular lesion. 
It has been shown that the condition is not 
so rare and that its clinical diagnosis can 
often be made. Nevertheless the definitive 
diagnosis of a tricuspid lesion, and spe- 
cifically of tricuspid stenosis, is still difficult 
at the bedside. The following observations 
are recorded to describe a new clinical 
sign which is simple to elicit and indicative 
if not pathognomonic of tricuspid stenosis. 

CASE REPORT 

P. S., a forty-four year old white man, dress 
operator, was admitted to the medical service 
of Beth Israel Hospital. There was no history of 
polyarthritis or chorea but he was known to 
have had a cardiac condition for twenty-five 
years. This was asymptomatic for twenty-two 
years during which time he worked regularly. 
During the three and a half years prior to ad- 
mission he attended the cardiac clinic of the 
hospital because of dyspnea, orthopnea and 
slight cough, some lack of his usual endurance 
and weakness. He also had been having attacks 
of precordial distress, sensations of internal 
pressure of moderate severity, lasting ten to 
twenty minutes each two to five times a week; 
these were not especially related to exertion but 
caused him to stop work temporarily. For two 
to three months before admission these symp- 
toms grew worse and he had frequent attacks 
of paroxysmal nocturnal dyspnea. His sputum 
was often blood-tinged. 

Physical examination revealed him to be well 


developed and well nourished, slightly dyspneic 
and slightly cyanotic. His temperature was 
normal. The sclerae were not icteric. The heart 
percussed enlarged to the left and downward. 
The apical impulse was felt 12 cm. from the 
midline in the fifth intercostal space. A systolic 
thrill was felt over the base especially over the 
aortic area. The following murmurs were heard: 
at the apex a loud, rough systolic and a less 
rough diastolic and presystolic; at the base a 
loud, rough systolic and a faint, blowing, early 
diastolic, loudest over the aortic area; at the 
tricuspid area (just to the right of the lower 
sternum) a rough, moderately loud diastolic 
murmur; a thrill was not felt over this area. As 
equalled Ps and was not accentuated. The rate 
was 80 to 90 per minute and regular. The radial 
pulses were small. The blood pressure was 
135/90. With the patient in the sitting position 
the neck veins were distended and were seen to 
have fairly marked pulsations. When these 
pulsations, felt over the right carotid and jugular 
area, were correlated with the heart sounds 
they did not seem to be systolic in time. With 
the index finger of the left hand placed over the 
right jugular pulse near the base of the neck and 
the index finger of the right hand placed in the 
suprasternal notch, the impulses felt under both 
hands were quite forceful but not synchronous; 
the jugular came just before the one in the 
suprasternal notch. The latter was systolic and 
due to the pulsation of the dilated aorta and 
innominate artery; the former, venous and 
presystolic, apparently was produced by the 
contracting hypertrophied right atrium. 

Over the lung bases, right and left, a few 
rales were heard on inspiration. The respiratory 
rate was 32 per minute. The liver was enlarged 
to three fingerbreadths below the costal margin 
and gave an impulse synchronous with the 
heart beat. The spleen was not palpable. There 
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was slight pretibial edema; no clubbing was 
present. 

Laboratory data were as follows: The urine 
showed 1+ albumin. The hemoglobin was 
15.0 Gm. (per cent): erythrocytes 5,630.000 per 
c.mm. of blood. The blood tVassermann test was 
negative. The erythrocyte sedimentation rate 
was 5 mm. in forty-five minutes. N.P.N. of the 
blood was 39 mg. per cent. The venous pressure 
was equal to 17 cm. of water. The patient was 
not cooperative enough accurately to record the 
circulation time. 

The teleroentgenogram revealed the cardiac 
silhouette to be markedly enlarged and fluoro- 
scopy disclosed enlargement of all chamijers. 
dilatation of the aorta and calcification of the 
aortic valve. The electrocardiogram was typical 
of the pattern associated with left ventricular 
strain. 

The diagnosis was rheumatic heart disease, 
enlarged heart, mitral stenosis, mitral insuffi- 
ciency, aortic stenosis, aortic insufficiency and 
tricuspid stenosis: regular sinus rhythm and 
class IV (classification of New York Heart 
Association). 

There was considerable improvement in 
response to cardiac therapy but after ten days 
he insisted on leaving the hospital. One month 
later he was readmitted and stated he had been 
confined to bed at home most of that month and 
had taken his medication. 0.2 Gm. digitalis, 
daily. However, the dyspnea, orthopnea and 
weakness increased. There were occasional chest 
pains as before. His physician finally advised 
him to return to the hospital. This time he 
appeared very tired, dyspncic and slightly 
orthopneic. There was some cyanosis of the face 
and nail beds. Jaundice was not present. The 
physical findings were about the same as re- 
corded one month before on the previous 
admission. ’There were more rales at both lung 
bases. 

The neck veins were distended and pulsations 
were visible. The strong presystolic pulsation 
felt in the jugular area was again noted to “see- 
saw” with the systolic impulse felt in the supra- 
sternal notch. The enlarged liver and its pulsa- 
tions \\'ere felt. The diastolic murmur was again 
heard to the right of the lower sternum. Icterus 
index was 10. The electrocardiogram revealed 
no significant changes from the one previously 
described. Because of a rise in temperature to 
101f.° on the second day a blood culture was 
taken but found sterile. The patient this time 


failed to respond to therapy; symptoms in- 
creased and rales at the lung bases became more 
numerous. The temperature rose to 103°f. on 
the fourth day and the patient succumbed on 
the nc.xt, the fifth day of the second admission, 
apparently of cardiac failure and possible 
hypostatic pneumonia or pulmonar)' infarction. 

Postmortem examination was performed by 
Dr. Henry Brody. The veins in the neck were 
unusually distended, sufficiently so on the left 
to make prominent one of the valves in the 
external jugular vein. The pericardial sac was 
markedly distended, containing 300 cc. of clear, 
light yellow fluid. The pericardial surfaces were 
smooth and glistening. The heart weighed 800 
Gm.; it was roughly quadrilateral, measuring 
16 by 16 cm. The anterior surface was made up 
almost equally by the right and left ventricles. 
The tips of the auricular appendages, both right 
and left, also appeared in the anterior view. The 
right atrium showed marked roughening and 
thickening of its epicardial surface. The diame- 
ter was but slightly increased: the trabecular 
markings were very prominent. A \cxy small 
organized thrombus was present in the tip of 
the auricular appendage. The tricuspid valve 
was partly stenosed. not admitting two fingers. 
It was roughly elliptical, the axes measuring 2 
and 1 cm., respectively. There was complete 
fusion of the valves at the commissures so that 
the individual cusps could not be distincth 
recognized. The valve was thickened, irregu- 
larly nodular and somewhat stiffened. The 
chordae tendinae were only slightly thickened. 
They did not appear shortened. The right 
ventricle was small. The coluinnae caineae 
appeared moderately rounded. The chamber 
was filled with a large amount of postmortem 


lot. 

From the ventricular aspect the thickening 
nd deformity of the line of closure of the tri 
uspid valve were quite prominent. The rig^ t 
cntricular myocardium measured 5 mm. m 
hickness in the region of the outflow tract. £ 
ircumference of the pulmonic valve ivas 
'he posterior cusp in its left half was folde so 
hat the normal free edge w’as adherent to t e 
lulmonic surface of the valve. The new' edge so 
Drmed was thick and show’ed a number 
ead, glistening, grayish-^s'hite nodules. ere 
,’as some thickening of the adjacent left eusp- 
'he pulmonary artery showed only small, ear ) 
theromatous plaques. The left atrium 
Ightly dilated, its w'all rather markedly t >e' 
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ened. The foramen ovale was closed. The left 
auricular appendage was negative. There was 
some ridging and wrinkling of the atrial endo- 
cardium posteriorly. The mitral valve was 
narrowed, forming a somewhat curved slit 
slightly less than 3 cm. in length. Its ring was 
completely calcified, forming knobby protru- 
sions into the lumen. On the endocardium were 
seen a number of smaller than pinhead, glisten- 
ing nodules. 

The left ventricle showed some degree of dila- 
tation. The columnae carneae were definitely 
flattened. There was very marked hypertrophy 
of the wall, reaching a thickness of 18 mm. From 
the ventricular surface the marked stenosis and 
insufficiency of the valve was very striking. The 
chordae tendineae were markedly thickened but 
appeared stretched rather than flattened. A 
small moderator band was present, extending 
from the anterior surface to the mid-portion of 
the interventricular septum. There was marked 
graying and thickening of the endocardium of 
the interventricular septum immediately below 
the aortic valve. The aortic valve could best be 
viewed from above. The size of the lumen was 
entirely fixed due to calcification of the valve 
cusps. The lumen was almost circular with an 
approximate diameter of 11 mm. The cusps and 
their commissures were markedly thickened, 
calcified and showed many calcific protruber- 
ances. The calcification along two of the com- 
missures extended up the aorta for a distance 
of less than 1 .5 cm. The wider of the two was 1 .4 
cm. Above these the ascending portion of the 
aorta was relatively free of any change except 
for a band of yellow atheroma-like deposit, 
1 cm. wide and 5 cm. in length. There was also 
an area about 1 cm. in diameter which showed 
small, glistening, reddish elevations. The coro- 
nary orifices were not involved in the calcific 
process. The coronary arteries in their first 
portions were markedly sclerotic and in places 
calcified. There was, however, no serious im- 
pairment of the lumen at any point, and no 
ulcerations or thrombi. 

In the lungs there were a few, small, fresh 
hemorrhagic infarcts at both bases; the pul- 
monary arteries showed practically no athero- 
sclerotic change. There were 100 cc. of light 
orange, clear fluid in the right pleural cavity 
nnd less than 200 cc. in the left. 

The liver weighed 1,180 Gm.; it measured 
22 by 18 by 7 cm. Its markings were somewhat 
accentuated; lobulations were distinct. 
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Microscopically, sections of the heart showed 
no evidence of active rheumatic inflammation. 
Perivascular, mostly acellular ^cars were numer- 
ous. The endocardium showed fibrous thicken- 
ing; the muscle fibers showed hypertrophy. 
Sections of lung, liver, spleen and kidney showed 
chronic passive congestion. 

COMMENT 

Venous phenomena are usually men- 
tioned in descriptions of tricuspid valvular 
disease. The veins of the body are engorged 
and dilated and the pressure therein in- 
creased. The veins in the neck are of 
particular concern. The prominent “a” 
wave in the jugular sphygmogram has been 
frequently referred to, as has the presystolic 
impulse in the veins of the neck and in the 
liver. The marked and chronic systolic 
pulsations of the deep jugular veins, a 
“vigorous pulsation raising the sternocleido- 
mastoid,” has been emphasized by White 
and Cook^'*^ although they also indicated 
the absence of notable pulsation in the neck 
veins and liver in some cases. 

Mackenzie® told of one case in which a 
large wave was sent back from the hyper- 
trophied auricle with such force that it 
caused the valves in the jugular and sub- 
clavian veins to close with a snap which he 
heard over these veins as a clear, sharp 
sound preceding the first heart sound. 

Some believed that without knowing the 
time of the pulse waves in the neck (or 
liver), the clinical diagnosis of tricuspid 
stenosis was not warranted. Wolferth® em- 
phasized that the characteristic impulse in 
the veins in the neck in tricuspid stenosis 
should be presystolic. Grighton Bramwell 
has indicated the diagnostic value in tri- 
cuspid stenosis of a powerful auricular 
impulse which he recorded in the jugular 
sphygmogram.^® With auricular fibrillation 
the presystolic impulse is lost, and in nodal 
rhythm its timing is different. 

In our case, demonstrated at necropsy 
to have tricuspid stenosis, a marked pre- 
systolic impulse was felt over the right 
jugular vein just above the clavicle and 
over the sternocleidomastoid muscle. This 
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Fig. 1. Position of hands to elicit impulses over the 
jugulai vein and epistcrnal notch 


was of surprising force for a venous pulse. 
It was easily timed by comparison with the 
systolic aortic impulse in the epistcrnal 
notch palpated by the indc.x finger of the 
other hand. (Fig. 1.) A see-saw movement 
was conveyed to the two palpating fingers 
by the two vascular pulsations. The strong 
presystolic venous impulse over the jugular 
vein was considered caused by the contrac- 
tion of the hypertrophied right atrium; this 
impulse was well transmitted to the neck 
because of the obstruction at the stenotic 
tricuspid orifice causing a damming-back 
action, the right atrium being unable to 
empty itself readily. Transmission of the 
impulse was also aided by the increased 
venous distention and increased pressure in 


the large veins central to this area. ^Vc have 
never felt a presystolic impulse in the 
jugular vein in congestive heart failure 
without tricuspid stenosis. The systolic im- 
pulse in the epistcrnal notch due to the 
pulsation of the adjacent dilated aorta and 
innominate artery was undoubtedly modi- 
fied by the aortic valvular disease present. 
It is increased by the insufficiency of the 
valve though decreased by the stenosis, 
lesions which accompany most cases of 
tricuspid stenosis. 

SU.MMAUY 

A simple sign characteristic of tricuspid 
stenosis is described. A ease of tricuspid 
stenosis with necropsy findings is reported 
in which this sign led to the correct ante- 
mortem diagnosis. 
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Diaphragmatic Hiatus Hernia* 

With Severe Iron-deficient Anemia j 

Steven O. Schwartz, m.d. and Sunoll A. Blumenthal, m.d 

Chicago, Illinois 


T hat diaphragmatic hiatus hernia 
is not a rare anatomic variation, 
as earlier medical literature seemed 
to indicate, is now well established. Im- 
proved methods of diagnosis and increased 
awareness of the condition have brought 
it to the foreground during the past several 
years. Gifhn^® in 1912 was able to collect 
a total of only 650 proved cases from the 
literature of which but fifteen were diag- 
nosed during life, and Pancoast and Boles^^ 
were able to find only thirty-two additional 
cases so diagnosed prior to 1923. These 
figures contrast strikingly with more recent 
reports. Harrington^® found that at the 
Mayo Clinic alone 600 cases of diaphrag- 
matic hernia were diagnosed between 1926 
and 1941. According to Murphy and Hay^® 
the incidence of hiatus hernia in gastro- 
intestinal x-ray studies done by various 
authors has varied from 0.75 to 2.9 per cent. 
Mendelsohn^® found sixteen cases in 1,000 
.consecutive gastrointestinal studies for an 
incidence of 1.6 per cent, while Schatzki®® 
reported an incidence of 3.5 per cent in 1,500 
gastrointestinal roentgen examinations. 

The esophageal hiatus type is the most 
common form of diaphragmatic hernia. Of 
the 295 cases that Harrington^® treated 
surgically, 223 were at the esophageal hiatus. 
The remainder occurred in the following 
order; left hemidiapliragm forty-one, short 
esophagus type fourteen, hiatus pleura 
peritonealis seven, absent posterior fourth 
of the left diaphragm five, foramen Mor- 
gagni four, right hemidiaphragm one. The 


stomach was the only organ involved in 231 
of these cases, and participated with various 
other organs of the peritoneal cavity in an 
additional fifty-five cases, being involved 
in 286 out of 295 cases. 

Diaphragmatic hernia typically occurs 
in the short, stocky, middle-aged, multipar- 
ous female. The symptoms are so variable 
that the condition may masquerade as 
almost any disease of the upper abdomen 
or chest. Most common diagnostic errors in 
order of frequency, according to Harring- 
ton,^® were cholecystitis, cholelithiasis, gastric 
ulcers, duodenal ulcers, hyperacidity, sec- 
ondary anemia, cardiac disease, cancer of 
the cardia, stricture of the esophagus, ap- 
pendicitis and intestinal obstruction. There 
are certain clinical manifestations, however, 
which should enable the clinician to diag- 
nose or, at least suspect, the presence of a 
hiatus hernia in some instances. The more 
common abdominal symptoms^’^®’*®’^® in 
order of frequency are epigastric pain, a 
feeling of distress during or after meals and 
associated with bloating, belching, heart 
burn, nausea, vomiting and regurgitation, 
night pain or pain in the recumbent posi- 
tion, dysphagia and hiccough. Hiatus hernia 
has often been confused with anginal symp- 
toms and coronary artery disease“'^®’^®’®’ 
because of the presence of substernal pain 
with occasional radiation of the pain to the 
left arm. 

Definitive diagnosis of diapliragmatic 
hernia is, of course, made on the basis of 
x-ray findings. The diagnosis of the larger 


* From the Hematology Laboratory and the Hektoen Institute for Medical Research of the Cook County Hospital, 
Chicago, 111. Aided by a grant from the Wilson Laboratories, Chicago, Illinois. 
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hernias, with all or a good portion of the 
stomach in the thoracic cavity, is very easy 
roentgenologically. The smaller or reducible 
hernias are likely to escape discovery unless 
the examiner is alert for clues that will 
stimulate careful study. Such clues, accord- 
ing to Harrington,’" are (1) displacement 
of the lower segment of the esophagus, (2) a 
tortuous but not dilated terminal esophageal 
segment, (3) angulatcd segment, (4) undue 
retardation of the barium stream at the 
hiatus, (5) level of gastric contents above 
the esophageal aperture, (6) what appar- 
ently is’ high hour-glass contraction of the 
stomach with a visible niche at the site of 
constriction is, in fact, often a hernia of the 
stomach through the diaphragm with the 
ulcer merely a complication. 

In spite of the increasing frequency with 
which hiatus hernia is recognized, sufficient 
emphasis has not been placed on its ability 
to produce a profound anemia. 

There are many reports describing gastric 
ulcers in the herniated portion of the stom- 
ach. Bright^ is credited with the first 
description in 1836. Carman and Fincman® 
in 1924 were probably the first roentgen- 
ologists to mention bleeding and anemia 
which occurred in three of their twenty 
cases diagnosed by x-ray. Ohnell-' in 1926 
was the first to point out the correlation 
between hiatus hernia and bleeding. Bock,® 
in a discussion of one of the Cabot cases in 
1929, emphasized the relationship between 
gastrointestinal hemorrhage and hiatus her- 
nia. He cited three cases in which occult 
blood was found in the stools and an anemia 
was present. The only abnormal roentgen- 
ologic findings were those of hiatus hernias. 
In 1933 Gardner reviewed the English 
literature on anemia associated with hiatus 
hernia. He was able to collect twenty-two 
previously published cases including those 
reported by Segal,®® Mathews and MacFee®® 
Weitzen®^ and Truesdale.®® To these he 
added six unpublished cases making a total 
of twenty-eight. Of these seventeen were 
females and eleven males. Nineteen patients 
were over forty years old and fourteen had 
demonstrable loss of blood. Bock, Dulin and 


Brooke’ in 1933 reported a series of ten 
patients. They emphasized the “silent” 
nature of this condition, the absence of 
physical signs and the tendency to recurrent 
bleeding. In their scries there were nine 
females and one male, their'ages ranging from 
fifty-one to seventy-nine years. Moersch®’ 
noted the presence of gastrointestinal bleed- 
ing with weakness and evidence of anemia 
in thirty-two of the 246 patients with hiatus 
hernia encountered at the Mayo Clinic 
from 1 932 to 1 937. In this series there were 
133 females and 113 males. The average 
age \vas fifty-five, the youngest eight and 
the oldest eighty-two. Cowan’s® observations 
were based on forty-five cases studied from 
1930 to 1935 at Mount Sinai Hospital, New 
York. He had thirteen cases in the “severe 
secondary anemia” group. His comments 
regarding these arc pertinent: “In the 
anemia group the presenting symptoms are 
those usually associated with severe anemias 
such as weakness, anorexia, dyspnea and 
pallor. Very few if any gastric symptoms 
arc in association with the anemia. The case 
histories of all these patients show the pres- 
ence of a long-standing secondary anemia 
with evidence of bleeding from the gastro- 
intestinal tract 7wl due to ulcers, varices, or 
any other organic disease.” 

Murphy and Hay®° in 1943 reported on 
seventy-two patients with hiatus hernia at 
the Peter Bent Brigham Hospital. There 
were sixty-one women and eleven men. The 
average age was sixty, the youngest thirty- 
three and the oldest seventy-eight. Hemo- 
globin values were available for sixty-seven 
of the patients and of these twenty-three 
had levels below 10 Gm. 

Among other clinicians who have com- 
mented on the relationship of anemia to 
hiatus hernia are Schiro and Benjamin, 
Sahler and Hampton,®® Ohler and Ritvo, 
Weinberg, ®®Mendelsohn,®® Dyke and Dyas, 
Trueman®’ and Andrews.’ 

Bleeding has evmn been observed in in- 
fants. Christiansen® in 1 937 reported a case 
of hiatus hernia associated with hemateme- 
sis in a one year old child. Bergenfeldt 
reported a case of hematemesis in an eight- 
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een month old boy in whom there was 
cessation of bleeding after repair of the 
hiatus hernia. 

The anemia accompanying hiatus hernia 
is due to any or all of the following causes: 
(1) passive congestion, (2) ulcer due either 
to varicosities resulting from passive conges- 
tion or a disturbed blood supply and (3) 
inflammation in the region of the wall of 
the viscera incarcerated in the hiatus of the 
hernia. Boch et al.^ demonstrated by opera- 
tive and postmortem examination that in 
the great majority of their cases the cause 
of bleeding was due to simple congestion 
of the mucous membrane and some enlarge- 
ment of the veins in the walls of the herni- 
ated portion of the stomach. The mucosa in 
the non-herniated portion appeared nor- 
mal. Gastric ulcers occurring in the herni- 
ated portion of the stomach have been 
reported by Mathews and MacFee,^^ Trues- 
dale,®® Feldman^^ and Harrington. Har- 
rington states that “the ulcer is due to 
trauma and is usually situated in the lower 
end of the esophagus close to its juncture 
with the stomach and it may be found in 
that portion of the stomach in the hernial 
sac near the lesser curvature. These trau- 
matic ulcers result from the to and fro 
action of the stomach in the hernial ring 
when the hernia is small as. well as from the 
forceful pressure exerted on the large dis- 
torted and congested stomach during the 
attacks of vomiting when the hernia is large. 
There is also the additional factor of regurgi- 
tation of gastric juices into the lower part 
of the esophagus which produces esophagitis 
• • • After repair of the hernia and replace- 
ment of the stomach into its normal position 
most of these traumatic ulcerations heal 
spontaneously.” Commenting on the type 
of bleeding from these traumatic erosions 
he states that they may be severe, and hema- 
temesis or melena is often one of the chief 
signs. In other instances the patient may 
not be aware of any blood loss and yet have 
a very marked anemia resulting from occult 
bleeding. This type occurred in 1 1 per cent 
of his series. 

Ghevallier and DaneF suggest that the 
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anemia is caused by a torpid inflammatory 
process in the affected region of the gastric 
wall. 

CASE REPORTS 

C.ASE I, S. F., a sixty-one year old white 
female, complained of pain in the legs, especially 
at night; palpitation and “nervousness” for 
several years; occasional episodes of “heart- 
burn”; precordial pain with radiation down the 
left arm, not related to exertion but relieved by 
sodium bicarbonate. Her menopause occurred 
at the age of fifty-four with no subsequent bleed- 
ing. Diagnosis of esophageal hiatus hernia was 
made at the age of fifty-seven. At that time her 
blood count was as follows: hemoglobin 50 per 
cent, red blood cells 4.00, white blood cells 
9,600, differential within normal limits. X-ray 
showed an unusually large cardio-esophageal 
hiatus hernia, the size of a lemon, projecting 
above the diaphragm into the retrocardiac 
space, with the esophagus invaginating into the 
hernia. The rest of the gastrointestinal tract was 
normal on x-ray examination. Arthritic changes 
were noted in the lower cervical intervetebral 
spaces and also in the lumbar spine. Stool 
examinations were consistently negative for 
occult blood. 

She was first seen by the senior author at the 
age of fifty-nine. The symptoms had not signifi- 
cantly changed. Physical examination revealed 
a very pale, obese white female. Except for a soft 
systolic murmur over the pulmonic area the 
remainder of the examination was essentially 
negative. Her hemoglobin now was 33 per cent 
(5.1 Gm.), red blood cells 4.08, white blood cells 
12,700, hypochromia 3-k, anisocytosis 4-{-, 
polychromatophilia 1-f, poikilocytosis 4-}-. The 
differential count was: polymorphonuclears 
64 per cent, lymphocytes 24 per cent, monocytes 
10 per cent, basophils 1 per cent, eosinophils 
1 per cent. The presence of the hiatus hernia was 
confirmed. (Fig. 1.) She was given ferrous 
sulfate and improved satisfactorily hematologi- 
cally. About a year later, following intermittent 
iron therapy, she had 83 per cent (12.9 Gm.) 
hemoglobin and 4.44 red blood cells. Stools were 
intermittently positive for occult blood. ^STen 
last seen she had a hemoglobin of 92 per cent 
(14.4 Gin.) and red blood cells 5.11. 

Case ii. H. S., a fifty-three year old white 
female, complained chiefly of dyspnea on the 
slightest exertion for two months; hair quite 
dry, nails “break in layers” for months; and 
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Fig. 1. Large cardio-esophagcal hiatus hernia, Case i. 


numbness in the fingers especially during the 
mornings. Her past history revealed that she 
had an induced menopause eight years previ- 
ously, hypertension for the last few years and 
an 80 per cent hemoglobin a year before. Her 
diet had been adequate and there had been no 
known source of bleeding. Positive physical 
findings were the pallor, an uncoated tongue 
with a moderate atrophy of the papillae and the 
fragile but not very thin nails. Blood findings 
were: hemoglobin 41 per cent (6.5 Gm.), red 
blood cells 3.21, white blood cells 6,250, micro- 
cytosis, anisocytosis, poikilocytosis and hypo- 
chromia were moderate, platelets were increased; 
polymorphonuclears 60 per cent, lymphocytes 
26 per cent, monocytes 7 per cent, eosinophils 
6 per cent, basophils 1 per cent. Roentgenologic 
examination of the gastrointestinal tract was 
negative except for a “large hiatus hernia of 
the stomach. The portion of the stomach in the 
hernia showed coarse mucosal folds and there 
was a spot in the front showing conversion of 
the mucosal folds which is suspected to be an 
ulcer crater.” The patient has done well 
clinically on ferrotherapy. 

Case hi. T. J., an eighty-three year old, 
white female, complained chiefly of easy fati- 
guability. She was under treatment for hyper- 
tensive heart disease for several years. Physical 



Fig. 2 Large hiatus hernia, Case iii. 


examination revealed a rather pale, obese, white 
female. Except for the enlarged left heart and 
the elevated blood pressure nothing remarkable 
was found. Blood findings were: hemoglobin 
40 per cent (6.3 Gm.), red blood cells 2.50, 
white blood cells 7,500, platelets adequate, poly- 
morphonuclears 58 per cent, lymphocytes 38 
per cent, monocytes 4 per cent, anisocytosis 2-t-) 
poikilocytosis 2+ and hypochromia 2-1-. 

Roentgenologic examination of the gastro- 
intestinal tract disclosed a large hiatus hernia 
of the stomach with a small diverticulum at the 
greater curvature side of the herniated portion 
of the stomach. (Fig. 2.) No intrinsic lesion was 
noted in the stomach or the duodenum. The 
patient was given iron therapy and showed a 
gratifying clinical and hematologic response. 

Case iv. A seventy-seven year old white 
female, complained of palpitation, shortness of 
breath and tiredness. For six months she had 
been in bed most of the time. She was found to 
have severe anemia four years previously when, 
at the time of her pneumonia, she had three 
blood transfusions. Eighteen months before she 
was hospitalized for a rectal abscess and again 
had two transfusions because of anemia. A blood 
count at that time showed the following: hemo- 
globin 19 per cent (2.9 Gm.), red blood cells 
2.49, white blood cells 11,450, polymorpho- 
nuclears 77 per cent, lymphocytes 16 per cent. 
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fS; 4. which wa4 int^prc.cd •■an unusual donsed separate diaphragmatic 

leaf.” This patient had the large diaphragmatic hernia shown in I'lgure 3. 


monocytes 7 per cent, hypochromia 4+ , ani- 
socytosis 4-}-, poikilocytosis 2 + . She was given 
weekly “shots” after being discharged from the 
hospital and took eight Lextron capsules a day 
for a few months. Physical examination revealed 
an obese, pale, white female. A blowing systolic 
murmur was present at the mitral and aortic 
areas. The nails were soft and the hair was dry 
and moderately coarse. The remainder of the 
physical examination was negative. Blood count 
at this time revealed hemoglobin 56 per cent, 
(8.7 Gm.), red blood cells 3.39, white blood cells 

11,800, platelets increased, polymorphonuclears 
78 per cent, lymphocytes 15 per cent, eosinophils 
2 per cent, monocytes 5 per cent, hypochromia 
2+, microcytosis 2+. 

Chest x-rays at the time of the pneumonia 
revealed in addition to the pulmonary con- 
solidation “a radiolucent shadow with a hori-- 
zontal fluid level lying just behind the apex of 
the heart and which probably represents a 
diaphragmatic hernia with a fluid leve . 
(Figs. 3 and 4.) This was subsequently confirmed 
by barium meal. The patient was again given 
iron therapy and has done well since. 


Case v. L. C., a seventy-seven year old white 
male, experienced a sudden onset of weakness, 
lalaise, anorexia and continuous borborygmi 
;n days prior to her admission. The following 
ay she noted tarry stools. After that she re- 
lained weak and tired, had marked nausea, 
ain in the right upper quadrant and swelling 
f the upper abdomen. Twenty years before she 
ad “yellow jaundice” which disappeared 
aontaneously and for eighteen years she m- 
eived therapy for a very “bad liver.” Selective 
yspepsia to sauerkraut, fried foods, etc., was 
oted by the patient. She was found to be very 
ale and obese. Her blood pressure was 180/70. 
m occasional inspiratory wheeze was heard in 
he bases posteriorly. The heart vvas moderately 
nlarged to the left; a soft systolic murmur was 
leard at the apex and a blowing systolic mur- 
nur at the aortic area. There was some tender- 
less in both the right and left upper quadrants. 

' xamination of the blood revealed hemoglobin 
:7 per cent (4.4 Cm.), red blood cells 2.06_, white 
,lood cells 7,300. The stools were positive for 
iccult blood. X-ray examination disclosed a 
liaphragmatic hernia with the cardiac portion 
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Tig. 5. Large diaphragmatic hernia. Case v. 


of the stomach through the hiatus. No ulcera- 
tions or varicosities could be detected in the 
herniated portion of the stomach. (Fig. 5.) 

She received four transfusions of blood and 
iron therapy. Improvement, however, \vas slow 
due to continuation of gastrointestinal bleeding. 

Case vi. C. N. B., a seventy-six year old 
white female, complained of increasing w-eak- 
ness, dyspnea on exertion of six months’ duration 
and arthritis involving the lower dorsal verte- 
brae for ten years. There was no w'eight loss and 
no known blood loss. She was obese and very 
pale. Her blood pressure was 160/75. The re- 
mainder of the examination w'as not significant. 
Blood findings were: hemoglobin 31 per cent 
(4.8 Gm.), red blood cells 2.59, w'hite blood cells 
5,700, hypochromia 4-|-, anisocytosis 4-1-, 
poikilocytosis l-f-, polychromatophilia 2-}-. 
Stools contained from a trace to 4-1- occult 
blood. Roentgenologic examination revealed 
an esophagus foreshortened into a large hiatal 
hernia, the size of an orange. 

There was a dramatic clinical and hema- 
tologic response to iron therapy. 

Case vii. M. D., a w'hite female, approxi- 
mately fifty years of age, complained of fainting 
spells, described as “blackout sensations,” which 
lasted about five to ten minutes and occurred 
daily during the week before admission to the 


hospital. She also experienced dyspnea, palpi- 
tation on exertion and weakness during this 
period. No previous history w'as significant. 
Physical examination showed a moderately en- 
larged left heart ^vith a systolic murmur in the 
mitral region. Blood findings w'erc: hemoglobin 
36 per cent (5.6 Gm.), red blood cells 3.43, 
white blood cells 10,300 with an essentially nor- 
mal differential count. The red cell showed 
marked microcytosis and hypochromia. X-rays 
revealed that the barium passed to the lower 
third of the esophagus w'ithout hesitation. At 
this point the esophagus was tortuous and a dia- 
phragmatic hernia was present. From this the 
barium passed freely into the stomach and filled 
it and the duodenal bulb without demonstrating 
further lesions. The patient discharged herself 
two weeks after admission but returned five 
days later because of a recurrence of the fainting 
spells. At this time her hemoglobin w'as 24 per 
cent and red blood count 2.24. She remained in 
the hospital for another w^eek and again was 
discharged “against advice.” Her further course 
is unknow’n. 

Case \mi. D. M., a sixty-four year old white 
female, complained of swelling of the legs, 
weakness, palpitation, pounding in the head, 
tiredness, numbness of the fingers and gastro- 
intestinal upsets of tw'o to three weeks’ dura- 
tion. The physical examination w'as non-con- 
tributory. Blood examination revealed: red 
blood cells 3.3, hemoglobin 30 percent (4.7 Gm.), 
w'hite blood cells 6,000, differential within 
normal limits, except for the red cells which 
showed marked microcytosis and hypochromia. 
X-ray revealed a hiatus hernia the size of an 
apple. The esophagus w'as normal in length and 
entered the diaphragmatic hernia posteriorly. 
Stools w'ere positive for occult blood. The pa- 
tient W'as given iron therapy and a bland diet 
on w'hich she improved. Blood findings eight 
months later w'ere: hemoglobin 12.5 Gm. and 
red blood cells 4.3. 

Case ix. B. A., a forty-one year old w'hite 
male, complained chiefly of “fainting spells.” 
The first episode occurred tw'o years before 
admission, there being two the first year, three 
the second year and tw'o the preceding month. 
The fainting spells w’ere usually accompanied 
by profuse sw'eating and dizziness. He had lost 
10 pounds in the last three months. There was 
no known history of bleeding. Physical examina- 
tion revealed nothing of significance. He was 
obese and very pale; blood pressure was 130/80. 
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The blood findings were; red blood cells 3.23, 
hemoglobin 34 per cent (5.3 Gm.), white blood 
cells 8,500, polymorphonuclears 75, lympho- 
cytes 15, monocytes 10. The red cells on smears 
were very small and hypochromic. Stools con- 
tained 2+ blood on repeated examinations. 


temesis fifteen years previously following a 
strenous lecture tour. Some epigastric “burning*’ 
relieved by alkali on several occasions during 
the past year was admitted. Physical examina- 
tion revealed nothing extraordinary excepting 
the marked pallor. Blood examination revealed 


Table i 

SUMMARY OF CASES I TO X 


Lowest Known 


Symptoms 


No. Name Age Se;< 


I S. F. 


n H. S. 


III T.J. 

IV G. S. 


V L. C. 


61 F 
53 F 


83 F 


77 F 


77 F 


VI C. V. B. 76 F 


VII M. D. 


VIII D. M. 


IX B. A. 


X J. W. 


50+ F 
64 F 

41 M 


4.1 5.1 Gm. 

33 

3.2 6.4 Gm. 

41 

2.5 6.3 Gm. 

40 

2.5 2.9 Gm. 

19 

2.1 4.4 Gm. 

27 


2.6 4.8 Gm. 

31 

2.2 3.7 Gm. 

24 

3.3 4.7 Gm. 

30 

3.2 5.3 Gm. 

34 


52 M 2.0 4.4 Gm. .70 + 

28 


Cardio- 

vascular 

Other 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

0 

+ 

0 

+ 


X-ray Findings 


hernia 

Large hiatus hernia with suspi- 
cious ulcer crater 

Large hiatus hernia with a small 
diverticulum 

Large diaphragmatic hernia 

Diaphragmatic hernia with her- 
niation of cardiac portion of 
stomach; acute gastrointestinal 
hemorrhage the presenting 
symptom 

Foreshortened esophagus with 
large hiatus hernia 

Diaphragmatic hernia 

Diaphragmatic hernia with nor- 
mal esophagus entering the 
hernia posteriorly 

Diaphragmatic hernia with nor- 
mal esophagus; inconstant her- 
niation of stomach into chest 
cavity 

Large para-esophageal diaphrag- 
matic hernia 


Roentgenologic examination disclosed that in 
the upright position the distal end of the esopha- 
gus was displaced to the right in the lateral view 
by what was interpreted as being stomach lying 
inferior to the diaphragm. In the Trendelen- 
burg position a considerable portion of t e 
stomach was seen to pass above the diaphragm 
into the chest and to lie superimposed on the 
spine and slightly to the right of it. 

Case x. J. W., a fifty-two year old white 
male, complained of weakness so marked that e 
could not stand long enough to finish sha%dng. 
He slept eighteen to twenty-two hours a ay- 
The onset was gradual over a period of years 
but fairly more marked over the past two 
months. There was a vague history of hema 


red blood cells 4.u, nemugiuuui -—--5 

white blood eells 6,000, differential within 
normal limits, and increase in platelets; hemato- 
crit ivas 16 per cent. The stools were positive for 
occult blood. X-ray of the stomach revealed a 
large para-esophageal diaphragmatic hernia in 
which no ulcer w'as demonstrable. Following 
1 500 cc. of whole blood, a bland diet and ferro- 
therapy the patient was remarkably improved 
and has continued ivell to the present time. 


COMMENT 


The analysis of our cases merely re- 
emphasizes the presence of certain charac- 
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teristic features associated with gastric hia- 
tus hernia. It is known to be a condition 
most commonly found past middle age, 
predominantly in .short, stocky, obese fe- 
males. Our patients averaged about sixty- 
three years and with three exceptions were 
over 50. Twelve of the twenty were females. 


Physical examination revealed nothing 
extraordinary except marked pallor and 
obesity. This absence of physical findings, 
evidence of weight loss, masses, tenderness 
or resistance in the abdomen became im- 
portant clues in the recognition of the cases 
clinically in the last group of cases. 


Table ii 

SUMMARY or CASES XI TO XX 






lowest Kno\'kn 

S)mpiom^ 




No 

Name 

Age 

Sex 

RBC 

Hgb % 

Color 

Index 

1 

Gastro- 

micstinal, 

i 

Cardio- : 
vascular 

Other 

X-Ra> I irKhnt»v 

Remarks 

1 

XI 

\V S 

40 

M 

2 15 

4 7 Gm 

30 

69 

+ 

+ 

0 

Diaphragmatic hcmia 

1 

Tarr> stools 

XU 

B R 

48 

F 

2 82 

4 8 Gm 

31 

55 

+ 

0 

+ 

Large hiatus hernia 


XTII 

L M 

53 

F 

3 30 

5 3Gm 

34 

51 

+ 

+ 

+ 

Diaphragmatic hernia ofeardta 

Autops) proved 

\1\ 

J D 

65 


3 36 

6 7 Gm 

43 

64 

+ 

0 

0 

1 

Small dtaphracmaiic hernia 

Hematemescs, hcmia surgicall) 
repaired and a shortened 
esophagus was found 

XV 

n B 

66 ! 

M 

1 68 

2 2 Gm 

14 

42 

0 

0 

T 

I Diaphragmatic hcmia 

1 

X\1 

s s 

09 

M 

2 50 

0 5 Gm 

42 

84 

4. 

0 

+ 

1 Diaphragmatic hcmia 

Tarr^ stools 

XMI i 

A H 

71 ' 

F 

1 

1 

2 45 

3 9 Gm 

25 

51 

! + 

1 

+ 

-r 1 

i 

Diaphragmatic hernia with 
[ large ulcer crater in herniated 

1 portion of stomach 


x\ in 

J ° 

72 



3 9 Gm 

25 

44 

+ 

+ 

a. i 

1 Large hiatus hernia involving 

I cardia of stomach 

*‘BIood> stools’* 

MX 

F G 

72 

F 


6 7 Gm 

43 

89 

1 

0 

+ 

+ j 

Small hiatus hernia 

1 

1 

“Bright red blood in stool”, 
x*ra> examination of gastro- 
1 intestinal tract (except hernia) 

1 negative, proctoscop) nega- 
tive 

x\ 

D M 

SI 

M 


7 3 Gm 

47 

78 

1 + 

! 

0 

+ 

Diaphragmatic hcmia 

' TaiT> stools 


Their general appearance fitted well the 
accepted prototype. (Tables i and n.) 

Interesting in the histories was the paucity 
of gastrointestinal symptoms. Twelve pa- 
tients had complaints referable to the 
abdomen but these were seldom marked. 
Cardiovascular symptoms were much more 
prominent, being present in all but eight 
patients. Their nature was variable and had 
its genesis pardy in the anemia and partly 
in the degenerative changes present inei- 
dental to the advanced age. The other 
symptoms were divisible into those related 
to the hiatus hernia and consequent anemia 
and those simply co-existing. Among the 
former might be mentioned weakness, 
dryness of the hair, splitting of the nails and 
coldness and numbness, while among the 
latter were “nervousness,” arthritic pains 
and selective dyspepsia. 


Our attention was focused on the remark- 
able anemia present in every instance, which 
indirectly was responsible for the patient 
consulting a physician and which in turn 
gave an early clue to the nature of the disa- 
bility. In this connection the red blood cell 
count is of relatively little value, as \ve have 
pointed out previously, except that it aids 
in the determination of the color index. 
The physiologic severity of the anemia is 
indicated by the hemoglobin level which 
varied from 2.2 to 7.3 Gm. (14 to 47 per 
cent). The fact that all these patients were 
ambulatory, indicating a gradual adjust- 
ment to the lo\v hemoglobin, and that the 
color index in most cases was very low, 
signifies that the bleeding was of a dura- 
tion long enough not only to have de- 
pleted the body’s iron stores but also to have 
dissipated a goodly portion of the circulat- 
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ing hemoglobin. In all instances in which 
the color index was greater than 0.7 (except 
Case III) recent acute blood loss, as mani- 
fested by tarry stools or hematemeses, 
complicated the chronic bleeding. 

In only two cases was an ulcer crater 
seen. The bleeding is apparently quite ir- 
regular and unpredictable. The same pa- 
tients, under what appeared to be the same 
conditions, showed anywhere from none to 
4+ occult blood. Since all patients were 
thoroughly studied for other gastrointestinal 
bleeding lesions and none were found, and 
since most have been followed for a time 
sufficient to have revealed an early or small 
bleeding neoplasm, it may be assumed 
that the bleeding actually was from the 
herniated portion of the stomach. This is 
further borne out by the frequency with 
which blood was found in the gastric con- 
tents when examined. The response to iron 
therapy was gratifying as was expected since 
we were dealing with a relatively pure iron 
deficiency and since the rate of loss was far 
less than regenerative capacity. 

SUMMARY 

Twenty patients with diaphragmatic hia- 
tus hernia were studied. Bleeding from the 
stomach in these patients resulted in severe 
iron-deficient anemias. There was a paucity 
of symptoms directing attention to the 
gastrointestinal tract but cardiovascular 
symptoms were quite prominent. Physical 
findings were negligible. 

In a patient, especially a female past 
middle age, who presents an iron-deficient 
type of anemia without a history of bleeding, 
localizing symptoms and physical findings 
of significance, a diaphragmatic hiatus 
hernia should be suspected and ruled out. 

The authors wish to acknowledge with grati- 
tude the kindness of Drs. M. D. Allweis, 
H. Arkin, Wm. Boikan, A. U. Derman, S. L. 
Goldberg, J. Waller and S. Weisberg who per- 
mitted their cases to be included in the present 
series. 
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Biologic Complications of Penicillin Therapy* 

Leonard S. Sommer, m.d. and Cutting B. Favour, m.d. 

New 1 ork, New 1 ork Boston, Massachusetts 


N ot long after the introduction of 
sulfonamide compounds a variety 
of untoward reactions was en- 
countered. Like other drugs with a rela- 
tively low therapeutic index these reactions 
took the form of drug fevers, rashes, hema- 
tologic and urologic complications and, in 
large measure, have been responsible for 
some caution in their general use. In a 
broad sense a more interesting complication 
of sulfonamide medication has been the 
development during the past decade of 
drug resistance by some strains of bacteria, 
notably the gonococcus. Since the sulfona- 
mides have not been as powerful anti- 
bacterial agents as penicillin, this ecologic 
rumbling has only suggested the violent 
shifts in host-parasite relationships which 
may follow the use of drugs with extremely 
high therapeutic indices. Like the sul- 
fonamides, penicillin also is a double-edged 
weapon against disease. 

In the doses we use the common allergic 
drug reactions are not encountered unless 
the drug is taken locally or orally. In certain 
other situations, however, indirect reactions 
of a biologic nature, depending upon the 
alterations in bacterial flora, are now being 
seen. For example, vitamin deficiencies may 
be induced by ehanging the bowel flora, ^ 
resistant strains of bacteria may replace 
the organisms found in the respiratory and 
genito-urinary tract^"^ and finally strains 
of bacteria normally absent or present in 
small numbers may cause acute illness®"* 
or even death. The purpose of this paper is 
to cite examples of this latter type of com- 
plication following penicillin therapy. Al- 
though these are single examples and repre- 


sent an unusual therapeutic difficulty, they 
emphasize the importance of using penicillin 
with the same careful clinical indications 
with which we apply other, less spectacular 
remedies, 

CASE REPORTS 

Case i. M. D. (No. 81365), a sixty-eight year 
old white female, entered the hospital on August 
27, 1946, because of persistent vomiting, peri- 
umbilical pain and weight loss of three weeks’ 
duration. A posterior gastro-enterestomy had 
been performed in 1931 for a poorly controlled 
gastric ulcer. She had been well until post- 
prandial epigastric pain recurred in 1945, at 
which time a gastrojejunal ulcer was demon- 
strated by x-ray. Three weeks before admission 
weight loss, anorexia, pain and vomiting 
recurred. The remainder of the past history was 
non-contributory. 

Physical examination revealed a poorly nour- 
ished elderly woman complaining of abdominal 
discomfort. Temperature was 98°f. (54.4°c.), 
pulse 112, respirations 22 and blood pressure 
120/75 mm. Hg. The chest was moderately 
emphysematous and hyper-resonant to percus- 
sion. Examination of the lungs and heart was 
otherwise unremarkable. The abdomen showed 
only direct periumbilical tenderness. The re- 
mainder of the examination was negative. 

The blood Hinton test was negative. Exami- 
nation of the urine and the stool guaiac test were 
negative. On admission hemoglobin was 11 Gm. 
per cent, hematocrit 34 per cent, white blood 
cell count 8,500 with a normal differential. 
Blood chemical values were not remarkable. A 
gastrointestinal series revealed a jejunal ulcer. 
Electrocardiogram showed premature auricular 
contractions. 

On a Sippy n diet, high protein drinks and 
intravenous fluids the patient improved but 
symptoms persisted and the nighdy gastric 


* From the Medical Clinic of the Peter Bent Brigham Hospital and the Department of Medicine, Hansard Medical 

School, Boston, Mass. 
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residue was 500 cc. On the sixteenth hospital 
day prophylactic penicillin, 40,000 units every 
four hours intramuscularly, was started and a 
subtotal gastric resection with a Polya type 
anastomosis was performed. The immediate 
postoperative course was satisfactory. On the 
second postoperative day the patient’s temper- 
ature rose to 103°f. and the patient became 
cyanotic. The trachea and heart were shifted to 
the left and there was dullness at the left base. 
The white cell count was 1,150 per cu. mm. with 
32 per cent polymorphonuclear leukocytes. An 
electrocardiogram showed sinus tachycardia. In 
spite of oxygen, morphine, heparin and peni- 
cillin the patient remained in semi-shock for 
twelve hours and then expired. 

Postmortem examination performed three 
hours after death revealed a confluent broncho- 
pneumonia of the lower two-thirds of the left 
lung with a small left hydrothorax. The lung had 
the consistency of soft liver. Five microscopic 
sections showed an acute cellular reaction and 
many bacilli, both free and within phagocytes. 
Multiple cultures of the involved pulmonary 
tissue yielded a pure growth of Bacterium coli. 
No other pathologic cause for death was found. 

Comment. An elderly woman with pul- 
monary emphysema who was treated with 
prophylactic penicillin therapy in the course 
of a gastric resection for intractable ulcer 
symptoms developed an overwhelming bron- 
chopneumonia and died two days postop- 
eratively. Postmortem examination revealed 
as the cause of death an extensive broncho- 
pneumonia due to Bact. coli. 

Case ii. H. K. (No. 82287), a sixty-seven 
year old white male, was admitted to the hos- 
pital on December 14, 1946, with a diagnosis of 
carcinoma of the stomach. During the previous 
eight months the patient had had continuous 
epigastric pain associated with anorexia, con- 
stipation and a weight loss of 30 pounds. The 
diagnosis of gastric cancer had been made but be- 
cause of an unexplained anemia and leukopenia 
operation had been delayed. Three days before 
admission the patient became completely ob- 
structed. The past history was non-contributory. 

On entry the temperature was 99.4°f. 
(44.2°c.), pulse 90, respirations 20 and blood 
pressure 112/55 mm. Hg. The patient was an 
emaciated, chronically ill, dehydrated elderly 
man. A few rales were heard at the left base 


of the lung. The heart was slightly enlarged to 
the left. The abdomen gave a sensation of full- 
ness in the epigastrium but no mass was felt. 
The rectum contained impacted feces. The 
remainder of the examination was not significant. 

The blood Hinton test was negative. Urine 
showed 1 -f- protein and 5 to 10 white blood cells 
per high power field. Hemoglobin was 10.2 Gm. 
per cent, white blood cell count 1,800 with 20 
per cent neutrophiles and 80 per cent lympho- 
cytes. Blood urea nitrogen was 26 mg. per cent 
and the serum total protein 5.7 Gm. per cent. 

The patient was placed on intermittent 
IVangenstcen suction, high protein drinks and 
was given parenteral fluid and vitamin therapy. 
With prophylactic sulfadiazine, 2.5 Gm. daily, 
and penicillin, 50,000 units intramuscularly 
every three hours beginning immediately before 
operation, a subtotal gastrectomy was performed 
on the fifth hospital day and the tumor was 
removed from its adherenee to the panereas. 
The early postoperative eourse was uneventful 
but the next day the patient had a shaking chill 
and the temperature rose to 104°f. There were 
numerous moist rales in both lungs and a chest 
x-ray was consistent ^^’ith a widespread peri- 
bronchial pneumonia which was more wide- 
spread on the right than on the left. The white 
blood cell count was 1,900 per cu. mm. The 
urine was clear. Sulfadiazine was discontinued 
and penicillin was increased to 50,000 units 
every two hours. At no time did the patient 
vomit. His condition deteriorated in spite of 
oxygen and blood transfusions. Shock super- 
vened and the patient expired on the eighth 
hospital day. 

At the autopsy performed four and one-half 
hours postmortem the cause of death was found 
to be marked bronchopneumonia involving all 
lobes of both lungs; it was interpreted as result- 
ing from aspirated material. Four stained micro- 
scopic sections showed the alveoli to be filled 
with huge numbers of gram-positive and gram- 
negative bacteria, with a sparse cellular reac- 
tion. Three specimens of lung tissue grew 
Proteus vulgaris in pure culture and a fourth, 
Pseudomonas aeruginosa. There was no evi- 
dence of metastatic disease and the operative site 
was intact. 

Comment. An emaciated elderly man 
with adenocarcinoma of the stomach had a 
gastric resection with prophylactic penicillin 
therapy. Postoperatively the patient de- 
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veloped fatal bronchopneumonia which 
failed to respond to larger doses of penicillin. 
Autopsy revealed extensive pneumonia due 
to P. vulgaris. 

Case m. C. P. (No. G5420) (Figs. 1 to 2b) a 
sixty-nine year old, white, retired toolkeeper was 


men was doughy and peristaltic sounds were 
markedly diminished. The liver and spleen were 
not felt. There was no clubbing or edema of the 
extremities. 

The blood Hinton test %\'as negative. The 
white blood cell count was 15,900 per cu. mm. 
with 96 per cent neutrophiles and the hemato- 
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Fig. 1. Hospital course of Case m (C. P. Medical No. G5420). Note the gradual 
elevation in temperature to a high spike with chill on the tenth hospital day, 
concomitant with the recovery of pure cultures of B. aerogenes in sputum and 
blood. 


admitted to the hospital on October 19, 1947, 
because of fever, cough and dyspnea. During 
the previous ten years the patient had had a 
chronic productive cough without hemoptysis 
and had had four bouts of bronchopneumonia. 
He had drunk alcohol heavily for years. For 
three years he had been maintained on digitalis 
with fair cardiac compensation. For two years 
the patient had not been working. Six days 
before admission he noted an increase in his 
cough. On the day before admission he de- 
veloped a fever of 102°f. and became delirious. 

Physical examination on admission revealed 
an acutely ill, moderately well oriented man, 
dyspneic, slightly cyanotic and dehydrated. The 
temperature was 103°f. (57.2°c.) by rectum, 
pulse 126 and regular, respirations 36 and blood 
pressure 140/70 mm. Hg. The tongue was 
coated and the pharynx reddened. The trachea 
was in the midline. The chest was emphysem- 
atous; there was decreased expansion of the left 
lung with dullness, bronchovesicular breath 
sounds and sticky inspiratory rales over the right 
middle and both lower lobes of the lungs. The 
heart showed sinus tachycardia which was 
confirmed by electrocardiography. The abdo- 
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crit was 50 per cent on admission. The urine 
contained 2-f- protein and 6 to 10 white blood 
cells and occasional granular casts per high 
power field. Blood urea nitrogen was 68 mg. per 
cent. The sputum was green and tenacious, not 
copious in amount, and yielded in almost pure 
culture Pneumococcus type in, with rare alpha 
and beta hemolytic streptococci. Blood culture 
was negative. X-ray of the chest showed mottled 
areas of consolidation in the lower half of each 
lung field. (Fig. 2a.) 

The patient was placed in an oxygen tent, 
given intravenous glucose solution and intra- 
muscular penicillin 120,000 units immediately 
and 40,000 units every three hours thereafter. 
This was supplemented for seven days with 
sulfadiazine 0.5 Gm. every four hours and 
sulfamerazine 0.5 Gm. every eight hours by 
mouth. He was maintained on digitalis 0.1 Gm. 
daily. The patient’s temperature ^vas normal by 
the third hospital day (Fig. 1), but on the 
seventh day spikes to 100.5°f. began to appear. 
On the tenth day the patient had a severe 
shaking chill and the temperature was found to 
be 104.5°f. and the \vhite blood cell count 
20,300 per cu. mm. Bronchial breath sounds 
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Fig. 2 a, Case ni, chest film on admission to the hospital with pneumococcic pneumonia, b, chest film showing spread 
of pneumonic infiltration, especially in right lung field at the time of clinical relapse due to B aerogenes 


were heard throughout most of both lung fields 
(Fig. 2b.) Since this episode was thought to be 
due to a new invading organism, streptomycin 
0.2 Gm ever)' three hours was added to the 
penicillin injections Cultures of the nose, throat 
and blood all yielded growth of Bact aerogenes, 
the former two sources also containing small 
numbers of Staphylococcus albus The patient’s 
temperature dropped promptly and then slowly 
reached a normal level by the sixteenth day The 
patient’s subsequent course was long but un- 
complicated. During this time his appetite and 
sense of well being improved, signs and x-ray 
evidence of pulmonary consolidation regressed 
and on the twenty-sixth day cultures of the 
throat grew only alpha streptococci. Follow-up 
films three months later still showed marked 
fibrosis at the site of his previous pneumonia 

Comment. An elderly man with emphy- 
sema, chronic bronchitis, probable bron- 
chiectasis and a history of recurrent pul- 
monary infections of ten years’ duration 
contracted pneumococcal pneumonia which 
responded clinically and bacteriologicaliy 
to penicillin therapy. On the tenth day of 
penicillin treatment, however, he developed 
evidence of blood stream and pulmonary 


re-infection due to Bact. aerogenes. A high 
index of suspicion and the prompt addition 
of streptomycin to the therapeutic regimen 
resulted in rapid regression of the pneu- 
monic process and recovery from infection. 

Case iv R W (No. M6527), a twenty-two 
year old colored man was admitted to the 
hospital for the ninth time on March 5, 1948. 
The patient had been followed since childhood 
at the Children’s Hospital and more recently 
at the Peter Bent Brigham Hospital for sickle- 
cell anemia There had been multiple admissions 
for hemolytic crises In 1941 the patient was 
hospitalized for a pneumococcus, type m pneu- 
monia of the left lower lobe ^vhich was success- 
fully treated with sulfathiazole. For four days 
before the present admission the patient had a 
sore throat with mild cough and on the day of 
entry he developed fever, some shortness of 
breath and pain in the left anterior chest. 

Examination revealed a thin, acutely lU 
colored boy in moderate respiratory distress. 
The temperature was 102.4°f. (56.9°c), pulse 
104, and blood pressure 118/64 mm Hg. There 
were many bronchial rales and slightly dimin- 
ished breath sounds at the left base and axilla 
The heart was enlarged with a rapid regular 
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rate and a grade li systolic apical murmur. The 
spleen was not palpable and the remainder of 
the examination was not remarkable. 

The blood Hinton test was negative. The 
urine showed 1+ protein and occasional white 
blood cells. Hemoglobin was 10 Gm. per cent, 
hematocrit 30 per cent and the white blood cell 
count 26,000 with 88 per cent neutrophiles and 
many sickle forms on smear. Except for a 
bilirubin of 5.0 mg. per cent blood chemical 
values were normal. Stool guaiac was negative. 
On admission a sputum culture yielded a heavy 
growth of Diplococcus pneumoniae with a few 
Hemophilus influenzae and Neisseria catar- 
rhalis. X-ray of the chest revealed a triangular 
area of consolidation at the left base. 

Within twelve hours after treatment with 
penicillin, 50,000 units intramuscularly every 
three hours, the temperature was normal. 
Within twenty-four hours, however, the patient 
had a chill and the temperature rose to 103.6°f. 
The white blood cell count was 28,000 per cu, 
mm. and physical and x-ray examination 
revealed a spread of the area of consolidation 
in the left lower lobe. An immediate gram- 
stained smear of the throat and sputum showed 
predominance of gram-negative rods. On cul- 
ture these were identified as H. influenzae. A 
few colonies of beta hemolytic streptococci were 
also- cultured. Streptomycin, 175 mg. every 
three hours, or 1.4 Gm. per day, was given in 
addition to penicillin therapy, and during the 
next five days the temperature gradually 
dropped to normal. Sputum culture on the 
eighth day grew no H. influenzae. After fifteen 
days of such combined chemotherapy the lungs 
cleared considerably and at the time of discharge 
on the twenty-second hospital day the patient 
was well. 

Comment. A young colored man with 
long-standing sickle-cell anemia developed 
pneumonia with an initial sputum culture 
containing many pneumococci and a few 
H. influenzae. Following twelve hours of 
penicillin therapy the patient improved. 
On the second day, however, pneumonic 
infiltration extended, coincident with the 
appearance in the sputum of H. influenzae 
in large numbers. No pneumococci were 
recovered at this time. Streptomycin treat- 
ment was instituted at the time of clinical 
relapse on the basis of the gram-stained 
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smears of the throat and sputum which 
showed an abundance of small gram-nega- 
tive rods. After discontinuation of combined 
therapy cultures no longer contained either 
D. pneumoniae or H. influenzae. 

OBSERVATION 

Four case histories are presented which 
demonstrate clearly the importance of 
following shifts in bacterial flora of certain 
patients during specific antibiotic therapy. 
Two of the patients came to autopsy and 
were found to have extensive bronchopneu- 
monia due to gram-negative organisms. 
Each of them had received prophylactic and 
postoperative penicillin for gastrointestinal 
surgery. The third patient was first treated 
for pneumococcus pneumonia superim- 
posed upon extensive chronic pulmonary 
disease. Penicillin therapy cleared the 
pneumococcus infection but was promptly 
followed by recurrence of pneumonia and 
septicemia due to B. aerogenes. This in- 
fection was brought under control by 
streptomycin. Tn the fourth patient pneu- 
mococcus pneumonia responded to peni- 
cillin but was followed by a relapse of 
pneumonia due to H. influenzae. The latter 
organism had been present in the initial 
cultures before penicillin therapy. The H. 
influenzae infection was successfully treated 
with streptomycin. 

Each of these patients had underlying 
poor resistance to disease. The two surgical 
patients were complicated problems in 
which chemotherapy was only one of many 
factors involved in their course. It is fair to 
say that pneumonia due to B. coli or proteus 
occurring in these patients is an uncommon 
surgical complication unless this type of 
organism has previously been established 
in the respiratory tract. Since neither pa- 
tient had obvious chronic bronchitis or 
chronic sinusitis, the most common pre- 
cursors for such gram-negative infections, 
it is likely that suppression of the normal 
gram-positive respiratory bacterial flora by 
penicillin was the immediate reason for the 
unhampered growth of coliform organisms. 
It is unknown whether these organisms 
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arrived via the blood stream, lymphatics 
or through regurgitation. The fact is that 
the patients died of overwhelming bacterial 
pneumonia due to these organisms. 

In the last two patients, both medical 
problems, there was again a poor natural 
resistance to infection. Each had previ- 
ously had many and varied acute respira- 
tory illnesses. The justified use of penicillin 
for the first infection did not relieve us of 
the likelihood of .secondary infection. In 
these patients accurate knowledge of the 
immediate status of the bacterial flora was 
most easily obtained by studying gram 
stains of sputum specimens. Prompt chang- 
ing of therapy when the flora shifted was 
made possible by information gained in 
this way. 

In the light of experiences herein reported 
it is apparent that marked adverse shifts in 
the bacterial flora of a viscus may be in- 
duced by powerful chemotherapeutic agents. 
Such adverse shifts are most likely in 
debilitated persons undergoing various surgi- 
cal procedures or in patients with underlying 
poor resistance to infection as evidenced by 
low serum proteins, quite low white blood 
counts or the presence of chronic foci of 
infection. These untoward alterations in 
flora may lead to overwhelming infections 
within the time required for ordinary cul- 
tures to grow in the laboratory. Therefore, 
frequent gram-stained smears of body secre- 
tions are invaluable in following shifts from 
gram-positive to gram-negative organisms 
or in ascertaining predominating mor- 
phologic bacterial cell types. 

The routine use of combined penicillin 
and streptomycin from the start of serious 
respiratory infections or the use of sulfa- 
diazine alone because it is effective against 
many organisms of the gram-negative as 
well as the gram-positive group is not recom- 
mended. It has been pointed out that this 
biologic complication of penicillin therapy 
is unusual. It does not justify exposing the 
majority of persons treated with penicillin 
to the well known hazards of streptomycin 
therapy when penicillin alone is most often 
quite adequate. A more subtle pitfall of such 


methods is not so much that specific in- 
fecting organisms are not recognized but 
rather that attention is directed entirely 
toward the bacteria-chemotherapy aspects 
of an illness and critical host factors are not 
fully evaluated. Neither is the use of sulfa- 
diazine alone a safe refuge from accurate 
diagnosis. It is not as effective as penicillin 
against some organisms, for example staphy- 
lococcus, and it is powerless against others 
such as the influenza bacillus. Unfortu- 
nately it is just these organisms which are 
secondary invaders when host resistance 
is low and penicillin has altered the bacterial 
flora. The technical burden of frequent 
gram-stained smears of body secretions in 
such acute illnesses is no greater than taking 
an x-ray and it will usually yield equally 
valuable information when planning specific 
treatment. 

Until the introduction of penicillin into 
therapy, specific chemotherapy was plagued 
with reasons enough for accuracy in diag- 
nosis. A lack of clinical response could be 
due to an incorrect diagnosis, to inadequate 
dosage, to a resistant organism, to a walled- 
off infection, to a drug reaction. Now peni- 
cillin has added still another “drug reac- 
tion,” namely, the shift in bacterial flora. 
This problem seems to have arisen out of the 
sheer effectiveness and specificity of the 
chemotherapeutic agent itself. 

SUMMARY 

1. Four recent case histories from the 
Peter Bent Brigham Hospital are presented 
in which penicillin therapy was followed by 
complicating pneumonia due to gram- 
negative organisms. Two patients, treated 
prophylactically during and following sur- 
gery of the gastrointestinal tract, died. Two 
other patients, successfully treated for pneu- 
mococcal pneumonia, developed a sec- 
ondary pneumonia due to gram-negative 
organisms. Recovery followed prompt in- 
stitution of streptomycin therapy. 

2. The importance of previous chronic 
pulmonary disease, of general debility and 
of the presence of a mixed gram-positive 
and gram-negative flora in the cultures of 
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the respiratory tract before treatment is 
stressed in the pathogenesis of this type of 
infectious complication. 

3. The simple gram-stained smear of the 
throat or sputum at the time of the sudden 
chill and rise in temperature during chemo- 
therapy may permit an immediate diagnosis 
and prompt institution of proper drug 
therapy. 
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Aureomycin in the Treatment of Tularemia* 

John C. Ransmeier, m.d., Harry J. Price, m.d. and Zerney B. Barnes, Jr., b.s. 

Atlanta, Georgia 


T he effectiveness of aureomycin in 
therapy of brucellosis and rickettsi- 
oses'~® suggests that it might also be 
useful in tularemia, since in many respects 
B. tularense occupies a position intermedi- 
ate between brucella and rickettsiae and has 
properties in common with both. The low 
toxicity of aureomycin and its activity when 
administered orally would offer decided 
advantages should it prove efficacious in the 
treatment of tularemia. 

Aureomycin has been shown to exert a 
bacteriostatic effect against B. tularense in 
vitro^ and to possess striking suppressive 
power against tularemia in mice although 
most of the animals died after cessation 
of treatment.®'^ Complete protection was 
achieved against only small inocula. Ex- 
perimental tularemia in the mouse is a 
fulminating infection with 100 per cent 
mortality and it is difficult to apply these 
results to the human disease. Woodward 
et ah' have recently reported on three 
patients in whom aureomycin therapy was 
considered effective. Our results with 
aureomycin treatment of three patients 
with tularemia at Lawson Veterans Ad- 
ministration Hospital and Grady Memorial 
Hospital are described herein. 

CASE REPORTS 

Case i. Tularemic pneumonia: A thirty-seven 
year old Negro skinned and dressed two wild 
rabbits on December 4, 1948. On December 9th 
he noted malaise followed by a shaking chill, 
generalized aching and headache. The follow- 
ing day his temperature was 102°f. Fever con- 
tinued and he remained in bed. On December 


13th, the fifth day of illness, he was admitted 
to Lawson Veterans Administration Hospital. 

The patient appeared moderately ill. He 
was oriented but lethargic. Oral temperature 
was 99.6°f., pulse rate 74, respiratory rate 24 
and blood pressure 100/70. There was a crusted 
ulceration measuring 3 mm. in diameter over 
the dorsal surface of the distal interphalangeal 
joint of the left thumb. No surrounding tender- 
ness, erythema or edema were present. This 
lesion had been present since mild trauma three 
weeks previously. Non-tender, firm lymph nodes 
measuring about 1 and 1.5 cm. were palpable 
in the left and right axillae, respectively. Except 
for occasional non-productive cough, examina- 
tion of the chest was negative and the rest of 
the physical examination was non-contributory. 

Examination of the blood on the sixth day of 
illness revealed 7,950 leukocytes per mm.® of 
which 88 per cent were neutrophiles. The urine 
had a specific gravity of 1030; it contained no 
sugar and 3-f- albumin. An uncentrifuged 
-Specimen showed 3 to 6 red cells, 5 to 10 white 
cells and a few granular casts per high power 
field. 

On the sixth day of disease the temperature 
rose to 105°f. and the respiratory rate to 32. 
(Fig. 1 .) Cough became more frequent and the 
patient appeared seriously ill. Although physical 
examination of the chest was negative, x-ray 
showed confluent patchy consolidation in the 
peripheral portion of the right upper lung field 
with e.xtensive right hilar lymphadenopathy. 
(Fig. 2a.) The sputum smear and culture 
revealed only normal bacterial flora; culture 
for tubercle bacilli was later reported negative. 
Three blood cultures in tryptose phosphate 
broth were negative December 14th and 15th. 

The presence of pneumonia associated with 
a history of rabbit contact suggested the diag- 


* From the Department of Bacteriology and Immunology, Emory University School of Medicine, Atlanta, Ga., 
and the Medical Service, Lawson Veterans Administration Hospital, Chamblee, Ga. Published with permission of 
the Chief Medical Director, Department of Medicine and Surgery, Veterans Administration, who assumes no responsi- 
bility for the opinions expressed or conclusions drawn by the authors. 
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nosis of tularemia although the lesion on the 
left thumb appeared purely traumatic and 
there was no significant peripheral lymphadenop- 
athy. The temperature followed a typhoidal 
course ranging from 103° to 105°f. without 
remission. On the seventh day of illness oral 
administration of aureomycin* was begun in 
doses of 1.5 Gm. every six hours for four doses, 
then 1 Gm. every six hours. Within twenty-four 
hours the temperature declined to 99.8°f. but 
rose again to 101°f. then dropped to 99.2°f. on 
the ninth day of disease. The respiratory rate 
fell to 20, the cough decreased and the patient 
was greatly improved. Although he continued 
to feel well except for residual weakness, the 
fever then began to increase daily. On the 
twelfth day of illness the aureomycin dosage 
was increased to 1.5 Gm. every six hours but 
the temperature continued to climb reaching 
103.2°f. on the fourteenth day. The patient did 
not appear very ill; his cough had almost 
subsided. The chest remained clear to physical 
examination and there tvas little change noted 
in the x-ray. The leukocyte count was 4,400 per 
mm,® Aureomycin was discontinued after a 
total dosage of 35 Gm. Within forty-eight hours 
the temperature dropped to normal. 

The agglutination test with B, tularense 
antigen was negative on the sixth day of illness 
but became positive in dilutions of 1:1280 on 
the fourteenth day and 1 :2560 on the sixteenth 
day. Repeated agglutination tests with Br. 
abortus antigen were negative. 

The patient continued afebrile and improved 
steadily. Chest x-ray on the twenty-second day 
(Fig. 2b) showed considerable clearing of the 
pulmonary consolidation and reduction in the 
hilar lymphadenopathy. During the fourth 
week convalescence was complicated by urinary 
obstruction resulting from an old stricture of 
the posterior urethra. A urine culture on the 
twenty-sixth day (twelve days after discontinua- 
tion of aureomycin) yielded beta hemolytic 
streptococci and coagulase positive staphylococci. 
The stricture was dilated on the twenty-eighth 
day, followed by a brief febrile rise to 100°f. 
Urinary symptoms were relieved and the pa- 
tient was discharged on January 8, the thirty- 
first day of illness. 

The possibility that the fever on the fourth 
to eighth days of aureomycin therapy might 

* The aureomycin used in treatment of the patients 
reported herein was supplied by courtesy of the Lederle 
Laboratories Division, American Cyanamid Co. 
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have been caused by a drug reaction was con- 
sidered and the patient was readmitted on 
January 31st. Since discharge he had felt well 
except for residual weakness, slight exertional 
dyspnea and occasional cough. Physical ex- 
amination was essentially negative. The serum 



Fig. 1. 


agglutinated B. tularense antigen in a dilution 
of 1 : 640. The urine was negative except for 2 
to 5 white blood cells per high power field in an 
uncentrifuged specimen. Further dilatation of 
the urethral stricture was not required. Chest 
x-ray on February 1st showed only a few delicate 
linear densities in the base of the right upper 
lobe. (Fig. 2c.) The right hilar shadow remained 
somewhat enlarged. 

A cautious trial course of aureomycin was 
given beginning on January 31st with a dosage 
of 0.25 Gm. orally every six hours. On February 
3rd the dosage was increased to 0.25 Gm. every 
four hours and continued until February 7th. 
A total of 9 Gm. was given. The patient had no 
symptoms and the maximum oral temperatures 
were 99°f. and 99.2'’f. Although the dosage was 
smaller than that previously given for treatment, 
there was no evidence that the secondary rise 
of temperature at that time was due to sensi- 
tivity to aureomycin. The patient was well when 
discharged from the hospital on February 9th. 

Case ii. Ulceroglandular tularemia: A thirty- 
three year old Negro cut his left index finger 
with a pocket knife about November 18, 1948. 
On November 20th he ate rabbit but denied 
handling the animal before it ^vas cooked. His 
illness began abruptly on November 23rd with 
headache and fever, followed shortly by a shak- 
ing chill. A few hours later a second chill occur- 
red. Next day anorexia, nausea and vomiting 
appeared with another chill and severe head- 
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Fig. 2a. Case i, sixth day of disease. 



2b 


Fig. 2. b, Case i, twenty-second day of 


finger there was a crusted ulcer measuring 1 by 
2 cm. without surrounding induration or 
tenderness. A firm tender node 2 cm. in diameter 
was palpable in the left axilla. Except for dental 
caries the remainder of the physical examina- 
tion was non-contributory. 

Examination of the blood revealed 19,800 
leukocytes per mm.® with 65 per cent neutro- 
philes. The urine had a specific gravity of 1024; 
it contained no sugar and 2+ albumin. A 
centrifuged specimen showed occasional red 
cells and 5 to 7 white cells per high po^ver field. 
Chest x-ray was negative. Two blood cultures 
in tryptose phosphate broth on the fourteenth 
day of illness and two on the fifteenth day 
showed no growth. Serum agglutinins for B. 
tularense were present in a titer of 1:80 on the 
fifteenth day and 1:160 on the sixteenth day. 

During the first forty-eight hours in the 
hospital the fever followed a septic course 
(Fig. 3), reaching a peak of 104.2°f. on the 



2c 

c, Case i, fifty-fifth day of disease. 


ache. He remained at home, and fever, weak- 
ness, aching, anorexia and occasional nausea 
and vomiting continued. An infected ulcer 
developed on the finger at the laceration site 
and a tender swelling appeared in the left axilla. 
He was admitted to Grady Memorial Hospital 
on December 6, the fourteenth day of illness. 

The patient was acutely ill. Oral temperature 
was 102°f., pulse rate 112, respiratory rate 20 
and blood pressure 120/80. On the left index 


sixteenth day of illness. Aureomycin \vas started 
orally at that time in doses of 1.5 Gm. every six 
hours and administered in lesser doses as shown 
in Figure 3 until the t^venty-third day. A total 
of 19.5 Gm. was given. 

A remarkable clinical improvement occurred 
after the start of aureomycin therapy. Within 
twelve hours the temperature dropped to 
normal and did not rise above 99.4°f. there- 
after. Coincident with the fall in temperature 
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there was profuse perspiration and striking before her husband. Streptomycin therapy was 
subsidence of symptoms. Malaise and aching given and she recovered after a stormy course 

disappeaied, the appetite returned and strength although incision and drainage of a huge 

was rapidly regained. Serum agglutinins for B. fluctuant axillary abscess was necessary, 
tularense rose to 1 .320 on the seventeenth day On admission the patient was only mildly ill. 
and were present in a dilution of 1 :640 on the Oral temperature was 101.2 °f., pulse rate 84, 



Fig. 3. 


t\venty-first 5 twenty-fourth and twenty-seventh 
days. On the twenty-seventh day the agglutinin 
titer for Br, abortus was 1:160. The patient was 
allowed out of bed on the eighteenth day and 
was increasingly ambulatory thereafter. The 
finger ulcer healed in a few days. By the twenty- 
fourth day the axillary node had decreased to 
half its original size and the patient was dis- 
charged on December 21st, the twenty-eighth 
day of disease. When he was seen in the out- 
patient clinic on January 7th, the axillary node 
was no longer palpable and he appeared com- 
pletely recovered. 

Case in. Ulceroglandular tularemia: A forty- 
four year old Negro incurred an abrasion of the 
right index finger while hunting on November 
23rd. He killed and dressed five wild rabbits. 
The injured finger became painful on Novem- 
ber 26th and he developed headache, malaise 
and chilly sensations. Next day he was much 
worse and remained in bed. After three or four 
days the finger lesion drained a small amount 
of pus and a tender swelling appeared in the 
right axilla. Five or 6 days later there was some 
improvement and he was ambulatory although 
weakness, malaise and low-grade fever persisted 
until admission to Grady Memorial Hospital on 
December 8th, the thirteenth day of illness. 

The patient’s wife, who prepared and cooked 
the rabbits, also developed ulceroglandular 
tularemia on November 26th. She was extremely 
ill and was admitted to the hospital several days 
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respiratory rate 22 and blood pressure 115/70. 
On the right index finger there was an indolent 
lesion measuring 1.5 by 1 cm. which was slightly 
elevated and indurated and covered by scaly 
epidermis. A tender non-fluctuant lymph node 
measuring 5 cm. in diameter was palpable in 
the right axilla. No other significant findings 
were noted. 

The leukocyte count was 21,550 per mm.® 
with 74 per cent neutrophiles. Urinalysis was 
negative except for occasional white cells in a 
centrifuged specimen. Agglutination tests with 
B. tularense antigen were negative on the 
thirteenth and fourteenth days of illness. Chest 
x-ray was negative on the thirteenth and twenty- 
first days. 

In view of the history and clinical picture and 
since the patient’s wife had unquestionable 
tularemia, a diagnosis of ulceroglandular tula- 
remia was made. Aureomycin was started orally 
late on the thirteenth day of illness in dosage of 
1.5 Gm. every six hours for four doses after 
which the dosage was reduced and continued 
as shown in Figure 4. Within twenty-four hours 
after the start of therapy the patient felt better 
and in forty-eight hours the temperature 
dropped to normal. He was asymptomatic 
except for tenderness in the a.xilla. However, 
on the sixteenth day of illness the temperature 
rose to 99.4'’f. and on the seventeenth day to 
101°F. Serum agglutinins for B. tularense ap- 
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peared in a titer of 1 : 80 on the eighteenth day. 
On the nineteenth day aureomycin was in- 
creased to 1 Gm. every six hours; but since the 
axillary node remained tender and gradually 
became fluctuant, the antibiotic was discon- 
tinued on the twenty-second day. Aspiration 
of the node was performed on the twenty-third 
day and 10 ml. of pus removed. Next day the 
temperature dropped to normal and remained 
so. Agglutinins for B. tularense reached a titer 
of 1 : 1 60 on the twenty-fourth day, with no cross 
agglutination of Br. abortus antigen. The 
axillary node ■was still palpable but the patient 
was otherwise asymptomatic when discharged 
from the hospital on December 22nd, the 
twenty-seventh day of illness. 

The patient remained free of symptoms except 
for swelling and tenderness in the axilla. The 
node was again aspirated in the out-patient 
clinic on January 4th and 11th, 15 ml. of pus 
being removed on each occasion. On January 
15th, the fifty-first day of illness, spontaneous 
rupture occurred after which drainage gradu- 
ally subsided. By February 1st, sixty-eight days 
after onset, all induration in the axilla had 
disappeared and the patient was entirely well. 

COMMENT 

Streptomycin was the first chemothera- 
peutic agent shown to influence tularemic 
infection significantly in experimental ani- 
mals.® Aureomycin is the second substance 
reported to exert similar activity. Wood- 
ward et al." compared the action of the two 
antibiotics against tularemia in mice and 
concluded that aureomycin was more ef- 
fective than streptomycin in delaying death. 
Three tularemia patients treated by these 
authors with aureomycin appeared to 
respond well, and evaluation in additional 
cases is desirable. 

The course of human tularemia is notori- 
ously variable, ranging from mild sub- 
clinical infections to overwhelming septi- 
cemia with death in a few days. Even 
without specific therapy the mortality in 
19,208 reported cases of all types was only 
7.4 per cent.® The possible pitfalls in assess- 
ing therapeutic effect against this disease 
have been amply demonstrated over the 
last twenty years by passing enthusiasms for 
various drugs and other agents. It is there- 


fore unsound to draw conclusions from the 
results of treatment in a few cases. 

The uncomplicated ulceroglandular form 
of the disease is especially unsuited for 
therapeutic trials since the mortality is 
exceedingly low and the febrile course un- 
predictable. Suppuration and drainage of 
the involved nodes occur in about 50 per 
cent of cases.’® In the remainder there is 
gradual healing over a period of several 
weeks or months. When given to acutely 
ill patients with ulceroglandular tularemia, 
streptomycin usually produces prompt im- 
provement in general symptoms with de- 
crease of temperature to normal in three to 
six days, but its value in the treatment of 
glandular involvement is much less certain. 
Berson and Harwell” concluded that strep- 
tomycin had little effect upon such glands 
when given after the twelfth day of disease. 

As pointed out by Francis,® the more 
severe pulmonary form of tularemia pro- 
vides a better test of a chemotherapeutic 
agent; it was in treatment of such patients 
that the value of streptomycin was firmly 
established. Streptomy'cin has reduced the 
mortality of tularemic pneumonia from 
about 40 per cent’® to a very low figure.®’”’” 
It produces striking relief of symptoms in 
twenty-four to forty-eight hours and in most 
cases the temperature falls to normal within 
three to seven days. Several weeks may be 
required for complete clearing of pulmonary 
lesions as seen on x-ray. 

Aureomycin treatment was followed in all 
three patients presented herein by definite 
subjective improvement and a drop in tem- 
perature within twenty-four hours after 
starting therapy. At the end of forty-eight 
hours in all three cases the temperature 
approached normal levels. In Case i, how- 
ever, the temperature gradually rose during 
the next five days to 103.2°f. and fell to 
normal only forty-eight hours after discon- 
tinuation of therapy. Nevertheless the 
patient showed striking subjective and ob- 
jective improvement, and the pneumonic 
process resolved much more quickly than 
would have been expected without specific 
therapy. There was no pleural effusion. 
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This patient’s condition was complicated 
by a urethral stricture and low-grade 
urinary tract infection. 

Case II was an uncomplicated case of 
ulceroglandular tularemia in which the 
patient was acutely ill on the sixteenth day 
when aureomycin treatment was started. 
Striking improvement occurred within 
twelve hours. Although the probable course 
of such, a case could not be predicted, it 
would be most unusual to see such rapid 
subsidence of fever and symptoms without 
specific therapy. 

Case irr was a mildly ill patient with 
ulceroglandular tularemia in whom aureo- 
mycin therapy was started on the thirteenth 
day of illness. Subjective improvement and 
an initial fall in temperature occurred but 
later he ran a low-grade fever despite con- 
tinued therapy, Aureomycin obviously had 
no effect upon the axillary node which 
became fluctuant during therapy and re- 
quired aspiration on three occasions. Heal- 
ing finally occurred after spontaneous 
rupture and drainage of the gland on the 
fifty-first day of disease. 

No significant toxic reaction occurred 
in these patients during or after aureomycin 
treatment. Although drug fever was sus- 
pected in Case i, readministration of the 
antibiotic failed to produce a febrile reac- 
tion. In Case iii there was slight stimulation 
of bowel action resulting in two to three 
soft stools daily during aureomycin therapy. 
This patient also showed 1 to 2-{- albumin- 
uria on the fifth to seventh days of therapy. 
Centrifuged urine specimens contained 1 
to 5 red cells and 1 to 5 white cells per high 
power field, with an occasional white cell 
cast. Urinalyses at two-day intervals re- 
vealed no further albuminuria and the 
cellular elements rapidly disappeared. There 
were no significant blood changes and none 
of the patients complained of anorexia, 
nausea or vomiting. 

Although it is difficult to predict the 
course of tularemia without specific therapy 
in individual cases, we believe that two of 
our patients (Cases i and ii) were impres- 
sively benefited by aureomycin. Certainly 
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aureomycin exerted no action on glandular 
suppuration in Case iii but streptomycin 
has also failed in similar cases. Our results 
and those of Woodward et al.^ encourage 
further trial of aureomycin in human 
tularemia. At present the optimal dosage 
and duration of treatment are unknown, 
and available data are insufficient to permit 
a sound clinical comparison with strepto- 
mycin in the treatment of this disease. 
Proper evaluation of aureomycin will not 
be possible until more patients have been 
treated, including a number of cases with 
pulmonary involvement. 

SUMMARY- 

1. A patient with tularemic pneumonia 
and one with ulceroglandular tularemia 
improved strikingly after oral aureomycin 
therapy and recovered rapidly. 

2. Another patient with ulceroglandular 
tularemia treated on the twelfth day of 
illness improved subjectively but aureomy- 
cin did not prevent glandular suppuration. 

3. Further evaluation of aureomycin in 
human tularemia is indicated. 
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Newer Concepts of the Role of Potassium 

in Disease* 
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Pittsburgh^ Pennsylvania 


W ITHIN the last few years a con- 
siderable amount of new data has 
been accumulated on potassium, 
one of the chief cations in the body. Much 
of this has been based on balance studies 
and as such represents a fundamental con- 
tribution to our knowledge of this electrolyte 
in various physiologic and clinical situa- 
tions. Nonetheless, there is still no adequate 
explanation of how or why tissue cells 
acquire and maintain concentrations of 
potassium in excess of those in interstitial 
fluid and serum. Even though the mecha- 
nism of this unequal distribution remains 
a challenge, the newer findings identify 
factors which influence concentrations and 
total amounts of body potassium. Their 
importance can perhaps be best emphasized 
by presentation against the background of 
previous knowledge and beliefs. 

EXTRACELLULAR POTASSIUM 

Hyperpotassemia, Its Origin and Significance. 
It has been known that under ordinary 
conditions the potassium levels in extra- 
cellular fluid vary to only a limited extent. 
In a healthy fasting individual the upper 
limit of this range is about 5.5 mEq./L. In 
certain instances this may be exceeded and 
not necessarily indicate any abnormality. 
Thus ingestion of potassium salts can in- 
crease, temporarily at least, serum concen- 
trations of this ion above 5.5 mEq./L.^ 
High serum levels have also been observed 
in the course of potassium balance studies 
conducted in diabetic and non-diabetic 


subjects.^’® Such increments of potassium 
in the extracellular fluid are soon eliminated 
by the kidneys in those subjects whose body 
stores of this cation are intact. The extra 
potassium may be excreted immediately 
or it may enter certain cells, such as those of 
the liver or muscle, for a temporary sojourn. 
In a matter of hours this portion of the 
administered potassium re-enters the inter- 
stitial fluid and is in turn excreted by the 
nephrons.^ Recent work has shown that two 
mechanisms exist whereby this may be 
accomplished. Not only, as previously 
recognized, is potassium removed by glomer- 
ular filtration but under certain circum- 
stances excretion through the renal tubules 
can be unequivocally demonstrated.®’® 

The processes whereby undue and dan- 
gerous rises in extracellular potassium can 
be mitigated or prevented may prove inade- 
quate under some conditions. It is possible, 
for example, to inject potassium rapidly 
enough by vein to produce toxic concen- 
trations in serum, overtaxing the physiologic 
adjustments which have been described to 
these extra supplies of the cation.' On the 
other hand, similar degrees of hyper- 
potassemia may be obser\’’ed in disease 
states with usual or even limited intakes of 
potassium. These rises may result from the 
following, alone or in combination: (1) 
contraction of the volume of extracellular 
fluid, (2) inability of the cells to take up 
potassium, (3) transfers of cell potassium 
to the extracellular compartment and (4) 
inadequate renal excretion. All these factors, 
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with the possible exception of (S), may be 
operative for example in producing the 
hyperkalemia of untreated adrenal cortical 
insufficiency.® The role of these various 
processes in renal insufficiency remains un- 
settled. As a matter of fact, until recently 
it has appeared as if potassium intoxication 
in renal failure occurred only in subjects 
with complete suppression of urine forma- 
tion. This belief has' been based on the 
readiness with which experimental animals 
with anuria following bilateral nephrectomy 
or ureteral ligation died of potassium poison- 
ing.® Similar occurrences were thought to 
be rare in patients with terminal chronic 
nephritis, presumably either because failing 
kidneys still excreted potassium or because 
cells of the body failed to release, or even 
took up potassium.^® Recent studies have 
indicated, however, that potassium poison- 
ing can be demonstrated in a minority of 
such patients if they are kept under con- 
stant surveillance up to the moment of 
death. These findings did not appear to 
be agonal since serial observations revealed 
the gradual evolution of the changes known 
to occur with potassium intoxication. These 
were succinctly described in 1938 by 
Winkler, Hoff and Smith in experimental 
studies on dogs.^^ In the most characteristic 
form the electrocardiogram changed pro- 
gressively as the serum potassium level rose. 
In the initial phases the T wave increased in 
height. This was followed by broadening 
of the QRS complex with loss of the ordi- 
nary eontours, changes in the S-T and T 
segments and disappearance of the P wave. 
Ultimately the heart stopped in diastole. In 
observations on humans an increase in the 
height and a sharpening of the contour of 
the T waves were also the earliest changes 
detectable as the potassium concentration 
in serum rose; subsequent heart block has 
been observed as well.^^ 

To date, therefore, poisoning due to in- 
creased levels of extracellular potassium 
appears to be a problem only in patients 
who are receiving this cation in undue 
amounts or in a minority of those with renal 
failure. The potassium levels in untreated 


Addison’s disease usually do not attain the 
lethal range. It is possible, however, that 
in agonal states in these subjects and in 
others potassium in extracellular fluid rises to 
toxic concentrations. This is logical in view 
of the marked increase found at postmortem. 
This would suggest that with impending 
death and disruption of the ordinary 
physiologic barriers which restrain cell 
potassium from pouring out into extra- 
cellular fluid this change may appear 
premortem. 

Occurrence and Effects of Hypopotassemia. In 
contrast to hyperkalemia decreased levels 
of serum potassium have been recorded 
under a great variety of clinical conditions. 
The lower limit of normal in adults appears 
to be about 3.5 mEq./L. Abnormally low 
levels of extracellular potassium can, on 
theoretical grounds, result from: (1) dilution 
by low potassium fluids, (2) losses of the 
cation in urine or other body fluids or (3) 
transfers of potassium into cells. Obviously 
an inadequate intake of potassium will 
maintain the low concentrations produced 
by these aforementioned processes. 

All of these factors may be operative in 
the development of low serum potassium 
levels during recovery from diabetic acidosis 
and coma.®’^® Such patients usually develop 
anorexia and vomiting during the early 
phases of their illness. As a eonsequence 
the intake of potassium is reduced essentially 
to zero. At the same time considerable 
amounts of potassium are lost in the gastric 
secretions and in the urine. Even 
though the body stores of this electrolyte 
are considerably depleted in these various 
ways, the patients are frequently admitted 
with elevated or normal concentrations of 
potassium in serum. This is explicable, 
in part at least, by the attendant contraction 
of the plasma and extracellular volumes as 
a result of dehydration. With administration 
of large amounts of potassium-free fluids, 
such as saline and subsequently glucose 
solutions, the volume of body water is re- 
expanded. At the same time potassium 
moves into cells under the impetus of 
insulin, restoration of carbohydrate catabo- 
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lism, glycogen deposition and protein for- 
mation. While these processes are going on, 
further amounts of potassium are lost in the 
urine. The magnitude of these losses tends 
to diminish, however, during convalescence 
until in some instances urine :plasma 
potassium ratios lower than 1.0 are en- 
countered.^® As a consequence of these 
various factors hypopotassemia develops in 
almost all patients during the early phases 
of the hitherto standard treatment of dia- 
betic acidosis with parenteral fluids. 

Balance studies similar to those conducted 
in diabetic acidosis and coma have served 
to define, in part, the chain of events which 
results in low serum potassium values in 
infants with pyloric obstruction and 
prolonged vomiting.^’®® Although actual 
measurements during the prehospitalization 
phase of .such subjects are not available, it 
seems highly probable that the loss of 
potassium in vomitus is of considerable 
magnitude. This is, of course, accompanied 
by a greatly reduced intake of potassium in 
food. On admission these patients are 
frequently found to have hypopotassemia 
in addition to hypochloremia, high serum 
bicarbonate levels and deficits of body 
water. It is true that at the time of admis- 
sion, or shortly thereafter, losses of potas- 
sium in the urine are quite low.®’^® This 
does not exclude the possibility that earlier 
losses via this route were of greater 
magnitude. The usual therapy with low 
potassium fluids, while oral feedings are 
withheld, either produces or further aggra- 
vates hypopotassemia. 

Some of these same mechanisms account 
for the low serum potassium values found in 
many adult subjects with gastrointestinal 
disorders.®^’®® Again the combination of 
starvation and electrolyte losses in gastric or 
intestinal secretions is present. Such indi- 
viduals, in contrast to the infants just 
described, continue to lose considerable 
amounts of potassium in the urine. Fre- 
quently the losses via this route exceeds those 
in vomitus. Replacement therapy has here- 
tofore not included the use of fluids which 
contain adequate amounts of potassium. 
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When abnormally low levels of serum 
potassium develop in such subjects, they 
are usually referable to a combination of 
these factors. Renal losses, however, appear 
to play a predominant role. 

Similarly, although confirmatory studies 
are lacking, it is by inference continued and 
perhaps excessive renal loss that is respon- 
sible for the low serum potassium values 
seen, surprisingly enough in view of the 
earlier discussion, in certain patients with 
renal disorders.®®"'®® These may represent 
instances in which the glomerular filtration 
of potassium is well maintained while 
tubular reabsorption is considerably im- 
paired. Unfortunately complete and pro- 
longed balance studies are not available 
in the cases cited and hence no statement 
is possible as to the role of inanition, vomit- 
ing and fluid administration which fre- 
quently accompany renal failure. Similar 
decreases in the potassium level can be 
produced, of course, by peritoneal lavage, 
intestinal perfusion or by means of the arti- 
ficial kidney using fluid low in potassium. 

Up to this time only one category of 
potassium disorders has been identified in 
which the decline in extracellular concen- 
tration is entirely or almost entirely ex- 
plicable by a transfer into cells. This is true 
of periodic paralysis in which serum potas- 
sium falls abruptly, concomitant with a 
decreased urinary loss at a time when there is 
no evidence that extracellular volume has 
expanded.®®’®^ It must result, therefore, 
from a migration of potassium into cells. 

Finally, certain associations must be men- 
tioned since they may represent cause and 
effect. Thus clinical or experimental alka- 
losis and hypokalemia are concomitantly 
observed. This has been described in the 
alkalosis of Cushing’s disease, during DOGA 
intoxication, in anorexia nervosa and in 
subjects with chronic losses of gastric 
secretions. The simultaneous occurrence of 
these two changes is much too frequent to 
represent chance and suggests, particularly 
in view of Darrow’s experiments,®® a more 
fundamental relationship. However, since 
in all of these disorders the extracellular 
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and cell potassium values are apt to be low 
rather than normal or high, it is obvious 
that at least the initial decrease occurred 
through losses in urine or other body fluids. 
Their continuance can be assigned either 
to some type of depressant effect of alkalosis 
on potassium levels or possibly to an in- 
ability to replace deficits because of the 
continued urinary loss of the ion. 

The physiologic effects of the low serum 
and extracellular fiuid potassium values 
appears, insofar as is now known, to be 
limited to electrocardiographic changes in 
S-T and T waves and to the occasional 
production of a reversible and usually 
non-fatal muscular paralysis. The latter 
characteristically occurs, by definition, in 
idiopathic periodic paralysis and is often 
seen in the other disorders which have been 
mentioned. The fact that it is not an in- 
variable occurrence emphasizes the need 
for a flexible concept in predicting the 
effects of hypopotassemia. This is in accord 
with what is known of the physiology'’ of this 
ion. Thus the deposition of protein, of 
glycogen or continued carbohydrate me- 
tabolism will remove potassium from serum 
and may lower its concentration in the 
extracellular fluid. Since this is not 
productive of paralysis, it is obvious that a 
certain range of physiologic variation is 
present. The degree to which this must be 
exceeded to produce paralysis apparently 
differs not only from disease to disease but 
also from subject to subject. 

It is more than probable, therefore, that 
the chief importance of hypopotassemia lies 
in the fact that it is frequently associated 
with deficits of cell potassium rather than 
that it may produce muscular paralyses or 
electrocardiographic alterations. It should 
be emphasized, however, that cell po- 
tassium deficits need not be accompanied by 
hypopotassemia. 

CELLULAR POTASSIUM 

General Considerations. Thus far the dis- 
cussion has centered about the potassium 
present in interstitial fluid and serum. The 
inaccessibility of the cellular phase of body 


water for analyses and the difficulties in- 
herent in measuring changes in the com- 
position of ceils account for the relative 
paucity of data concerning intracellular 
potassium. This is unfortunate because the 
great bulk of the body stores of this cation 
is, of course, in cells. The concentrations 
there are about twenty-fold greater than 
those in serum. Cell potassium, further- 
more, is only partially ionized and hence 
not all of it is osmotically active. Some is 
bound to protein in a characteristic ratio to 
cell nitrogen^^ and some is in all probability 
combined with phosphate or other com- 
plexes. The separate fractions of cell potas- 
sium may vary in amount. As cell protein 
is broken down, for example, potassium 
bound to this constituent is released to the 
extracellular fluid.®® The process is reversed 
during a period of positive nitrogen balance. 
In an analogous manner, with water de- 
privation some of the potassium of cells not 
assoeiated with protein moves to the inter- 
stitial fluid. This, of course, alters the 
respective osmotic forces and water enters 
the extracellular phase and mitigates the 
dehydration there. With rehydration this 
portion of potassium is reconstituted. Move- 
ments of potassium into interstitial fluid, 
on the other hand, must accompany liver 
deglycogenation since it is known that 
during the formation of glycogen, potassium 
is deposited in a predictable ratio with the 
polymerized glucose.®^ Potassium also leaves 
muscle cells during exercise and enters the 
extracellular pool.®® This fraction, losing 
its identity among the general body stores, 
may then enter the liver and other tissue 
cells, or it may be excreted in the urine. An 
obvious corollary to this process must be 
the re-entry of an equal amount of the 
cation into the muscle to replenish the 
original supplies present there. It is also 
known that the potassium stores in cells can 
be altered experimentally and clinically 
under a variety of conditions including 
dehydration, hypertonicity, oliguria and 
electrolyte administration.®® In some but 
not all of these balance studies evidence was 
present of a reciprocal exchange of cell 
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potassium for sodium. Undoubtedly there 
still are other factors operative which have 
not as yet been identified or defined. 

Increases in Cell Potassium and. Their Appar- 
ent Benignity. Temporary increases in cell 
potassium following ingestion or injection of 
potassium salts may be looked upon as a 
physiologic adjustment. This can be demon- 
strated readily by following the distribution 
of administered potassium chloride. The 
apparent volume of body water through 
which the ion is dispersed continues to rise 
until it exceeds the value ordinarily assigned 
to extracellular fluid and approaches that 
of total body water. Subsequently potassium 
leaves the cells and re-enters the interstitial 
compartment.'* It is also known, for exam- 
ple, that adrenal cortical insufficiency is 
associated with increases in the amounts of 
cell potassium in addition to hyperpotas- 
semia.'*'* Experimentally it has been shown 
that chronic acidosis in non-diabetic ani- 
mals is accompanied by a slight rise in the 
content of cell potassium.®^ In periodic 
paralysis, too, potassium leaves serum and 
enters cells. Quantitatively these transfers 
are not necessarily large. For practical 
purposes these conditions exhaust the known 
examples of temporary or persistent rises in 
cell potassium. 

It is not possible to state whether or not 
these increases in cell potassium are in any 
way harmful. There is no evidence that the 
temporary penetration of administered po- 
tassium ions into cells produces any symp- 
toms. Moreover, as far as is known, none of 
the clinieal manifestations of Addison’s 
disease are explicable on this basis. Such a 
possibility has not, however, been excluded. 
The paralytic phase of periodic paralysis 
appears to be related, as has already been 
mentioned, to the decrease in extracellular 
potassium and not to the rise in the intra- 
cellular fraction. It may well be that the 
absence of definite symptoms or manifesta- 
tions with increases in the total amount of 
cellular potassium is related to the fact that 
the coneentrations of osmotically active 
potassium are maintained at a constant. At 
least two mechanisms exist whereby this 
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adjustment can be made; (1) water can 
move into the cells in response to os- 
motic forces whenever the osmotically 
active portion of this cation increases and 
(2) potassium which enters the cells may be 
rendered osmotically and perhaps physio- 
logically inert by becoming bound to anion 
constituents.®^’"** 

To date, depletion of intracellular potas- 
sium has been demonstrated by balance 
studies in a variety of conditions. It has been 
shown, for example, that during the early 
phases of the treatment of diabetic acidosis 
or coma the patients continue to lose potas- 
sium from cells.-’*® To avoid confusion it 
must be emphasized that this statement 
refers to the net balance of cell potassium be- 
cause it is known that with administration of 
insulin and the resumption of carbohydrate 
metabolism potassium re-enters cells. These 
findings must indicate that at that time 
certain cells are regaining potassium while 
others are still losing this electrolyte. Losses 
of cell potassium have also been recorded by 
Elkinton and his co-workers during the 
balance studies cited earlier in subjects with 
gastrointestinal disorders^- and by Darrow 
in infants with diarrhea. ^^’'*® These negative 
balances of cell potassium were in excess 
of any losses of this cation which could 
be attributed to breakdown of cell protein. 
In all of these conditions any loss of cell 
potassium to the extracellular compartment 
must have been accompanied by com- 
parable or greater losses of potassium from 
the body in urine, vomitus, drainage fluids 
or excreta. Otherwise the concentration of 
potassium would have risen to dangerous 
levels in extracellular fluid. Retention of 
administered potassium by cells has been 
observed in these various clinical states as 
well as in infants convalescent from pro- 
longed vomiting.® These findings have been 
interpreted as indicative of deficits of cell 
potassium; as already mentioned, injected 
or ingested potassium salts are not retained 
to the same degree, if at all, by non-depleted 
subjects. 

It may well be that such extensive losses 
of cell potassium jeopardize survival. In 
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experimental studies degenerative changes 
have been observed in the myocardium 
following production of deficits of cell 
potassium by means of a low potassium diet 
or DCA administration. Moreover, it has 
been possible to demonstrate by potassium 
therapy a definitely lowered mortality rate 
in infant diarrhea. In view of these findings 
it is not unreasonable to suggest that cellular 
deficits of potassium may also contribute 
to the mortality in various other clinical 
disorders. The actual mechanisms through 
which these harmful effects are mediated 
have not been identified. Presumably they 
are manifestations of interferences with 
cellular processes as a result of losses of 
essential constituents. This lack of knowl- 
edge by no means minimizes our responsi- 
bility in seeking, recognizing, studying and 
treating potassium deficiency states. 

SUMMARY 

An attempt has been made to integrate 
new findings relevant to potassium metabo- 
lism in health and disease with previously 
known facts. Particular emphasis has been 
placed on the clinical significance of incre- 
ments and decrements in the extracellular 
and cellular fractions of this electrolyte. 
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Aureomycin in the Treatment of Infectious 

Diseases* 
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New York, New Toik 


I N the year which has elapsed since the 
first published report of aureomycin 
this new antibiotic has been the subject 
of widespread interest to the profession and 
an astonishingly large volume of literature 
about it, both experimental and clinical, 
has already appeared in print. Indeed the 
published data are now so voluminous and 
the antibiotic so widely used that a general 
review article seems fully warranted. 

Credit for the discovery of this new 
therapeutic agent goes to Duggar^ who 
isolated and described a new species of the 
Actinomycetes, named by him SUeptomyces 
aureqfaciens, which possessed the antibiotic 
properties to be described hereafter. At a 
certain stage in its growth this micro- 
organism produces the antibiotic substance 
which is of a faintly golden-yellow color. 
Preliminary tests demonstrated its activity 
against a wide bacterial spectrum and 
warranted the intense efforts of Duggar and 
his colleagues further to explore its possi- 
bilities. Some of its chemical properties have 
now been described.- It is a weakly basic 
compound containing both nitrogen and 
non-ionic chlorine. The hydrochloride has 
an approximate solubility in water of 14 
mg./ml. at 25°g., and the pH of the aqueous 
solution is 2. 8-2. 9. 

Pharmacology. Studies of the pharmaco- 
logic effect of the drug have been reported 
by Harned et al.^ With oral administration 
mice tolerated 1,500 mg. per kg. and rats 
3,000 mg. per kg. The LD50 intravenously 


for mice was 134 mg. per kg., and dogs, 
cats, rabbits, guinea pigs and mice tolerated 
intravenous doses of 50 mg. per kg. without 
symptoms. Chronic toxicity experiments 
indicated that mice, rats and dogs tolerated 
oral doses of 100-200 mg. per kg. daily for 
twelve weeks without ill effects. Generally 
speaking, no pathologic changes could be 
determined in any of the viscera studied. 
No evident effects on cardiac activity, liver 
function or kidney function (apart from a 
mild diuretic action) were demonstrable. 
The drug did not appear to influence vaso- 
motor responses or blood sugar levels and 
it had no antipyretic effect in rabbits. All 
in all, these animal experiments indicated 
the likelihood of a wide margin of safety 
for human administration; indeed early 
experiences proved this to be the case. 

Side Effects in Man. Oral administration 
of aureomycin is frequently accompanied 
by nausea and occasionally by vomiting and 
a metallic taste in the mouth. Females 
appear more susceptible than males; more 
than half of the women patients may be 
quite distressed by these manifestations 
although their intensity usually diminishes 
if treatment is continued. The drug also has 
a slightly laxative action and the passage of 
an increased number of soft, bulky stools is 
frequently observed. True diarrhea is ex- 
tremely rare. It was reported by Lennette 
et ah'* that pruritus and soreness of the 
scrotum occurred in two patients. We have 
observed three instances of transitorj^ vagi- 


* From the Departments of Medicine and Bacteriolog>% College of Physicians and Surgeons, Columbia University, 

and the Presbyterian Hospital, New York, N. Y. 
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nitis and a small number of cases of glossitis. 
One questionable instance of drug fever 
was reported by Collins.® 

Wright et al.® in an early communication 
described hypochromic anemia accompany- 
ing parenteral administration of the drug in 
a “special diluent.” When this diluent was 
replaced by normal salt the anemia was no 
longer encountered. It has not been de- 
scribed since nor have there been any 
published reports of neutropenia. In this 
clinic, however, one case of complete 
neutropenia occurred in a dermatologic 
patient after prolonged administration of 
aureomycin. Return of the polymorpho- 
nuclear leukocytes took place promptly 
after the drug was stopped, and when it was 
readministered several weeks later it had no 
effect on the white blood cells although 
daily treatment was again given for a long 
period of time. Toxic effects on the liver, 
kidney and other organs have not been 
described. 

Experimental Studies in Vitro, Aureomycin 
has a wider range of activity than any other 
antibiotic thus far discovered, with the 
possible exception of Chloromycetin. It is 
effective against numerous gram-positive 
and gram-negative bacteria, all species of 
pathogenic rickettsiae, several viral agents 
and possibly certain protozoa. 

Crystalline aureomycin hydrochloride is 
stable in the dry state and will maintain its 
potency for many months at 20-25°c. In 
solution, however, it deteriorates more or 
less rapidly depending upon the pH, the 
temperature and the composition of the 
solvent. Unbuffered solutions of the drug in 
distilled water at pH 2.9 have been main- 
tained at +4°c. for twenty-three days with 
no measurable loss of activity, according to 
Dornbush and Pelcak.'' However, studies by 
Chandler and Bliss® and by Paine et al.® 
have shown that the drug becomes quite 
unstable at a neutral or alkaline pH, even 
at 4°c., and that this instability is increased 
progressively as the temperature is raised 
to 37°c. and above. In fact. Bliss and 
Chandler^® found that at pH approximately 
7 .0 about 60 per cent of the activity was lost 
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in eighteen hours at 37°c. while 75 per cent 
was lost after four hours at 56°c. In addition 
to progressive loss of activity, Paine et al.® 
demonstrated that the drug is initially less 
bacteriostatic at an alkaline reaction than 
it is at an acid reaction — the reverse of what 
is true for streptomycin. Price et al.” and 
others have found that the bacteriostatic 
properties of the drug are also adversely 
affected by many ingredients of culture 
media such as meat infusion, various 
peptones, yeast extract, whole blood, fresh 
or heat-inactivated serum, phosphate buffer 
and even sodium chloride. These facts must 
be borne in mind when one attempts to 
appraise the results of laboratory tests for 
the in vitro sensitivity of bacteria or to 
evaluate drug levels in blood or other body 
fluids as determined by different methods. 

Generally speaking, in vitro tests have 
shown that aureomycin is somewhat less 
effective than penicillin against gram- 
positive bacteria and that its action is 
approximately the same or somewhat in- 
ferior to streptomycin against most gram- 
negative bacteria. Bliss and Chandler^® 
found that strains of Str. hemolyticus, Str. 
faecalis, D. pneumoniae and Staph, aureus 
were inhibited by 1.25 jug- or less per ml 
while E. coli, A. aerogenes and K. pneu- 
moniae required from 1.25 to 5.0 jug. per 
ml. Similarly, Paine et al.^® reported that 
the bacteriostatic concentrations for hemo- 
lytic streptococci, pneumococci, gonococci 
and meningococci did not exceed 1.0 jug. 
per ml. Most strains of Staph, aureus were 
inhibited by 1. 0-2.0 jug. per ml. although a 
few strains required up to 12.5 jug. per ml. 
The gram-negative bacilli — including the 
typhoid bacillus and other members of the 
Salmonella group — were somewhat more 
resistant, their requirements ranging from 
3.1 to 25.0 jug. per ml. Unfortunately, 
nearly all strains of Proteus and Ps. aeru- 
ginosa were found to be moderately or 
markedly resistant to the action of the drug 
(4.0 to 250 /ug. per ml) although, as shown 
by Rutenburg and Schweinburg, an occa- 
sional strain may be quite sensitive (0.0125 
to 0.4 jug. per ml.). It is of considerable 
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theoretical and practical interest that some 
strains of Group D streptococci (Str. 
faecalis) are more sensitive in vitro to aureo- 
mycin than they are to penicillin. 

Bryer et al.^^ reported that strains of 
Brucella suis were completely inhibited in 
vitro by 0.25 to 0.5 jug. of aureomycin per 
ml. and Brucella abortus by 0.25 to 2.0 jug. 
per ml. Spink et al.^^ also found that the 
drug was active against these species as well 
as Brucella melitensis both in the experi- 
mentally infected chick embryo and in the 
test tube. 

Experiments by Steenken and Wolinsky'® 
on the tuberculostatic effect of the drug 
indicated that growth of a standard labo- 
ratory strain of M. tuberculosis, H37Rv, 
was inhibited by from 2.5 to 40.0 jug. per 
ml. depending upon the type of fluid 
medium employed. But the drug failed to 
modify the course of tuberculous disease in 
guinea pigs even when given in maximally 
tolerated dosage. 

Price et al.“ and Chandler and Bliss® 
first pointed out that in tests for bacterial 
sensitivity the turbidity end points move 
up during successive days of incubation. 
This indicates that the drug has primarily a 
bacteriostatic action although it is also 
bactericidal in higher concentrations and 
reflects the progressive deterioration of the 
antibiotic which was previously mentioned. 
The effect might also be caused by the 
emergence of drug-resistant organisms, as is 
seen so commonly with streptomycin; but 
these authors, as well as Paine et al.,*® 
have demonstrated that resistance to aureo- 
mycin is rarely developed by bacteria 
exposed to aureomycin in vitro and that 
such resistance, when it appears, is usually 
of a low order. Moreover, no evidence 
has yet been obtained that resistant organ- 
isms elaborate an anti-aureomycin sub- 
stance or “aureomycinase.” 

■ From the standpoint of contemplated 
therapy it is important to note that bacteria 
which have developed a marked resistance 
to either penicillin or streptomycin still 
retain their native susceptibility to the 
effects of aureomycin in vitro. 


Experimental Studies in Vivo. The exten- 
sive studies which have been made of the 
therapeutic effects of aureomycin in vivo 
can be only briefly summarized here. In 
general the results with various bacterial 
agents conform quite well to what might be 
predicted from the in vitro tests just de- 
scribed. Bryer et al.^' reported, for example, 
that aureomycin would satisfactorily protect 
mice against 10,000 lethal doses of Group A 
hemolytic streptococci even when relatively 
small doses were administered either orally 
or parenterally. Murine infections witli type 
I pneumococci could also be eured, pro- 
vided larger doses of the drug were given, 
but little protection was obtained against 
K. pneumoniae. Little*® as well as Price 
et al.** found that aureomycin gave poor 
therapeutic results in mice infected with 
E. typhosa and other representatives of the 
Salmonella group; but the latter authors 
obtained a fairly good effect with a strain 
of E. coli which was sensitive in vitro. 

In Brucella abortus infections of mice 
Heilman*® found that aureomycin was 
superior to Chloromycetin but that treat- 
ment with a eombination of aureomycin and 
dihydrostreptomycin gave the best results. 
Heilman®® also reported that aureomycin 
was highly effective against Borrelia novyi 
(relapsing fever) and Leptospira ietero- 
hemorrhagiae (Weil’s disease) in small 
animals. 

Aureomycin was discovered very early to 
be an astounding curative agent for rickett- 
sial infections in both animals and chick 
embryos. Wong and Cox®* showed that the 
riekettsiae of epidemic typhus. Rocky Moun- 
tain spotted fever, scrub typhus, Q. fever 
and rickettsialpox were all extremely sensi- 
tive to the drug although, it is important to 
note, there was no direet effect upon these 
organisms in vitro. Relatively small doses of 
aureomycin permitted the survival of chick- 
embryos given multiple lethal doses of these 
riekettsiae, while infections in mice or 
guinea pigs could be either aborted by 
early treatment or easily cured after they 
were clinically established. Anigstein et al.®' 
were equally successful in treating epidemic 
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typhus and Rocky Mountain spotted fever 
in guinea pigs. Both groups of investigators 
made the important observation that ani- 
mals treated at the time of infection or 
shortly afterward often showed no residual 
immunity whereas animals treated later in 
the disease were usually resistant to chal- 
lenge inoculation with the original or- 
ganism. This phenomenon indicates that 
aureomycin — unlike para-aminobenzoic 
acid — has rickettsiocidal as well as rickettsio- 
static properties. 

Wong and Cox^^ found aureomycin to 
have marked therapeutic activity in mice 
infected either intracerebrally or intra- 
peritoneally with the viruses of psittacosis 
and lymphogranuloma venereum. More- 
over, these viruses did not persist in surviving 
animals to the same extent as they cus- 
tomarily do when a sulfonamide drug such 
as sulfadiazine is used as the therapeutic 
agent. Aureomycin failed to show any 
therapeutic activity against the following 
viruses: influenza A and B, canine distemper, 
rabies, Newcastle disease, Venezuelan 
equine encephalomyelitis and the MEF-1 
strain of poliomyelitis. Experiments with 
mumps virus in chick embryos showed that 
the drug reduced or completely inhibited 
the production of viral hemagglutinin but 
failed to modify the rate of multiplieation 
or to reduce the infectivity of the virus. In 
our experienced^ aureomycin had no effect 
on the viruses of vaccinia and herpes simplex 
in either mice or chick embryos. 

Absorption and Excretion in Man. Studies 
of the absorption and excretion of aureo- 
mycin have been handicapped by the lack 
of an accurate and uniform method of 
microbiologic assay of the antibiotic. Since 
the activity of the drug deteriorates more or 
less rapidly and irregularly in vitro, standard 
twenty-four-hour dilution series methods 
such as those used for the determination of 
penicillin will give variable and erroneous 
results. The method most widely accepted 
at present was developed by Dornbush and 
Pelcak'^ and employs a strain of B. cereus as 
the test organism, with an incubation 
period of only four hours at 37°c. 
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Dowling and his associates^'^-ss measured 
the concentration of aureomycin in the 
blood, cerebrospinal fluid, urine and milk 
after giving doses of 0.1 to 1.0 Gm. orally 
and intramuscularly to adults or equivalent 
amounts to children. Low peak blood levels 
were found one hour after intramuscular 
injection of 0.1 Gm., averaging 0.4 /ig. per 
ml. and rapidly declining over the first six 
hours. When 0.7 or 1.0 Gm. of the drug was 
given by mouth the maximal blood levels 
were reached about six hours later and 
averaged 1.08 /ig. per ml. Aureomycin 
appeared rapidly in the urine in concentra- 
tions up to 128 yUg. per ml. from two to four 
hours after oral administration. Low levels 
ranging from 0.03 to 0.13 fxg. per ml. were 
found in the cerebrospinal fluid of six among 
nine patients; these levels corresponded to 
blood concentrations of 0.13 to 4.0 jxg. per 
ml. In one patient no aureomycin could be 
detected in the milk when the blood level 
was 2.0 ;ug. per ml. 

Finland and his colleagues^®’^' found that 
plasma levels were usually about 2.0 /ig. 
per ml. following oral doses up to 1.0 Gm. 
every six hours. The maximal rate of excre- 
tion in the urine occurred from four to eight 
hours after ingestion when the concentration 
ranged as high as 256 jug. per ml. The drug 
continued to be excreted for two or three 
days after a single dose of 0.5 or 0.75 Gm. 
and antibiotic activity equivalent to 12 or 
15 per cent of a single oral dose could be 
recovered by the admittedly crude methods 
employed. Aureomycin could not be re- 
covered from the bile during oral treatment 
although bile itself did not inhibit the drug 
in vitro. 

Brainerd et al.^® reported that the maxi- 
mal serum concentration of aureomycin 
occurred from two to four hours after an 
initial dose of 1 .0 Gm. by mouth, the levels 
ranging from 0.3 to 2.5 /ig. per ml. Cumu- 
lative effects were noted in most individuals 
who received the drug on a continuous 
schedule every four to six hours, with levels 
rising as high as 20 jug. per ml. during a 
six-hour period. When doses of 0.05 Gm. 
were given intravenously tl:ie serum con- 
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centration rose sharply to between 0.6 and 
5.0 jug. per ml. within five minutes and then 
declined gradually during the next six 
hours. However, the intramuscular injection 
of 0.05 to 0.2 Gm. was rarely followed by 
measurable concentrations in the blood and 
a level exceeding 0.15 jug. per ml. was 
observed only once in twenty-one deter- 
minations. These authors were unable to 
detect aureomycin in the cerebrospinal fluid 
of two adults who received single oral doses 
of 1.0 Gm. and in a child following the 
ingestion of 2.0 Gm. over a period of 
twenty-four hours. 

The results of other studies by Schoen- 
bach,^® ©’Leary,®" Meads, Harrell®® and 
their associates are essentially in agreement 
with those given previously. It seems clear, 
therefore, that either the oral or the intra- 
venous administration of aureomycin to 
human subjects may give blood concentra- 
tions within the therapeutic range for many 
bacteria, as judged by their in vitro sensi- 
tivities. Intramuscular injection would ap- 
pear to be less satisfactory since the levels 
with comparable doses are lower and more 
erratic. Large amounts of active drug are 
excreted in the urine whatever the route of 
administration but relatively little enters 
the cerebrospinal fluid. However, it should 
be re-emphasized that current methods for 
the determination of aureomycin probably 
permit only a rough approximation in the 
laboratory of the activity and fate of the 
drug in the body. 

Dosage and Mode oj Administration in Man. 
Aureomycin hydrochloride is only moder- 
ately soluble and nearly 5 ml. of water or 
normal saline are required to dissolve 50 mg. 
of the drug. To inject such a volume of a 
strongly acid solution intramuscularly causes 
intense pain. Moreover, intravenous ad- 
ministration is also painful and the subse- 
quent incidence of thrombophlebitis is high. 
These facts, together with the obvious draw- 
backs connected with repeated intravenous 
iryections, have led to its use principally by 
mouth. 

A variety of dosage schedules with the 
oral preparation have been described, the 
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amounts varying from 30 to 100 mg. per kg. 
and the intervals between doses anywhere 
from one to six hours. The antibiotic is now 
put up in 250 mg. capsules and it has been 
our habit to regard 4 Gm. per day (1 Gm. 
every six hours) as the “standard” dose for 
an acutely ill adult of average size. At times 
when the condition seemed critical we have 
increased this to 6 Gm. the first day. If the 
result of treatment is favorable this dose is 
reduced after two or three days to 2 Gm. or 
even lower. If nausea is a prominent feature 
smaller doses at shorter intervals may be 
given. The taking of milk, aluminum 
hydroxide gel, phenobarbital, etc., along 
with the drug has proved helpful. It is very 
uncommon to be compelled to discontinue 
treatment altogether on account of nausea. 

For intramuscular injection 30 to 50 mg. 
of the drug in 3 to 5 ml. of fluid together 
with procaine may be given at six hourly 
intervals. As has been stated this is a painful 
proceeding and if buffers are- employed to 
diminish the acidity it must be remembered 
that the antibiotic rapidly loses its potency 
in solution at a neutral or alkaline reaction. 
A new vehicle for its intravenous adminis- 
tration, L ( — ) leucine, has recently been 
introduced by the Lederle Laboratories. In 
5 ml. of this diluent (containing 131 mg. of 
leucine) 100 mg. of aureomycin hydro- 
chloride may be dissolved. This can be 
injected directly at a very slow rate or added 
to an infusion of isotonic dextrose or saline. 
As much as 400 or 500 mg. every twelve 
hours may be given to very seriously ill 
patients. On the whole, oral administration 
has obvious advantages. 

CLINICAL USE OF AUREOMYCIN 

Protozoal Diseases. McVay et al.®® have 
recently reported rapid cures in fourteen 
cases of amebic coliti s with aureomycin 
by mouth. Symptoms rapidly subsided and 
the stools became negative in a few days. 
Strains of amebae isolated from three of 
these were exposed to the drug in vitro and 
it was shown to have an amebacidal effect. 

Diseases Due to Spirochetes. O’Leary and 
co-workers®" reported two cases of acute 
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syphilis in which the patients were treated 
oraJJy with aureomycin. Results generally 
comparable to what would be expected with 
penicillin were obtained. 

Bacterial Diseases. Coccal Injections: Fin- 
land and his associates*'* treated four patients 
with pneumococcal pneumonia with aureo- 
mycin and reported results entirely similar 
to tliose obtained with penicillin. At this 
clinic we have had the same experience. 
The authors also described excellent results 
in one case of meningococcemia. In regard 
to sixty cases of gonococcal urethritis, how- 
ever, their findings were different, and they 
concluded that although the drug was 
effective it was distinctly inferior to peni- 
cillin. It may be remarked, however, that 
small doses were administered in many of 
these cases. 

Schoenbach^® and Ross** and their col- 
leagues have reported the successful use of 
aureomycin in localized staphylococcal in- 
fections including two cases with positive 
blood cultures. 

Bacillary Infections. Among the^ino^ brii- 
liant^ effects, of ^aureomycin _are those re- 
corded in the treatnienj: of brucellosis. The 
first case was reported by BryeFeT'al.*® who 
subsequently added four more cases.*"* The 
strains involved were Br. abortus and Br. 
suis. A little later Spink and co-workers** 
treated twenty-four patients with Br. mel- 
itensis infection. A recent report of the 
treatment of melitensis infection was made 
by Knight et al.*' who described five addi- 
tional cases. All of the cases were proven 
by blood cultures; some were of short dura- 
tion, some had gone on for many months 
and some were critically ill. There was 
general agreement on the results obtained. 
In -every instance the temperature became 
normal within two to five days after com- 
mencement of therapy. Blood cultures 
almost invariably became sterile quite 
promptly and the symptoms and signs of 
disease defervesced with equal speed. It is 
also to be remarked that relatively small 
total doses of drug were administered to 
these patients (1.0 to 2.0 Gm. daily) and 
that equally good results were recorded with 
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a variety of different treatment schedules. 
Spink reported an interesting Herxheimer- 
like reaction at the beginning of treatment 
in twelve of his twenty-four patients — an 
abrupt rise in temperature eight to twelve 
hours after the first dose of aureomycin, 
accompanied occasionally by symptoms of 
shock. He recommends a treatment period 
of eleven days, starting with small doses: 
0.1 Gm. in divided doses the first day, 0.6 
tlie second, 1.6 the third and 2.0 each day 
thereafter. Herrell and Barber** have re- 
ported excellent therapeutic results in four 
cases in which patients were treated simul- 
taneously with 3.0 Gm. of aureomycin 
orally and 2.0 Gm. of dihydrostreptomycin 
intramuscularly each day for eleven to 
fifteen days. 

Tularemia also respon ds very favora bly 
to treatment with aureomycin. Woodward 
et al.** recorded its effect in three patients, 
one of whom was critically ill at the time 
treatment was begun. In all the response 
was prompt and striking, being quite 
as satisfactory as the best results with 
streptomycin. 

In view of its antibacterial powers in vitro 
it is not surprising that aureomycin has been 
tried in a number of infections due to mem- 
bers of the colon-typhoid group. The first 
report by Bryer et al.** noted its effective- 
ness in two patients with infection of the 
urinary tract due to coli-aerogenes. Ten 
additional cases of urinary tract infection 
with a variety of organisms including A. 
aerogenes, E. coli, Proteus and Ps. aeru- 
ginosa, several of them mixed with S. 
viridans and S. fecalis, were reported cured 
by Rutenberg and Schweinburg.** We have 
had a similar experience at our clinic but 
on the whole we have been unimpressed 
by the action of aureomycin in severe infec- 
tions outside the urinary tract due to Ps. 
aeruginosa and Friedlander’s bacillus in 
particular. 

Disappointing experiences with typhoid 
fever and Sal monella inf ecti ons have been 
reported by^Tlollins et al.^* We, too, have 
noted therapeutic failures with bacteria of 
the Salmonella group. McDermott et ah'** 
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concluded that the efficacy of aureomycin 
in typhoid fever was very much less than 
that of Chloromycetin. 

Pulmonary Tuberculosis. Steinbach et al.^^" 
used aureomycin in the treatment of three 
young adult patients with extensive acute 
pulmonary tuberculosis. The drug was 
administered mostly by mouth in doses of 
2.0 Gm. to 4.0 Gm. daily for periods of 
from thirty-four to ninety-four days. In 
each case the sputum remained positive for 
tubercle bacilli and the patient showed no 
improvement either clinically or by x-ray 
during the treatment period. All three 
patients had a prompt therapeutic response 
to streptomycin after aureomycin was 
discontinued. 

Diseases Due to Rickettsiae. Laboratory 
studies having indicated a powerful anti- 
rickettsial action of aureomycin, it followed 
that some of the first clinical trials of the 
agent were in this group of diseases. Since 
Chloromycetin had already been proven to 
be effective in scrub typhus, it was hoped 
that aureomycin would act similarly. On 
the whole these expectations have been 
abundantly justified. Aureomycin has been 
found to be consistently successful in the 
treatment of Rocky Mountain spotted fever 
by Bryer et al.,^® Cooke, Ross et ah'*® and 
Harrell et al.;®^ in Q, fever by Lennette et 
al.;^ in Brill’s disease by Schoenbach;'*'’ in 
typhus by Knight et al.;^‘ and in rickettsial- 
po.x by Rose.'‘^ Its action in all these various 
types of rickettsial infections has been 
remarkably uniform. Within twenty-four 
hours after the first dose there is an obvious 
change for the better in the patient’s clinical 
condition. He appears brighter, “toxemia” 
seems less, the temperature is lower and 
there is welcome relief of headache. At the 
end of forty-eight hours in most instances 
the temperature has reached normal levels, 
\vhere it remains, and convalescence pro- 
ceeds uneventfully. At times this does not 
take place until the third day but in any 
case all observers concede that aureomycin 
interrupts the course of every rickettsial 
disease thus far studied in dramatic style. 
To judge from published reports it appears 


fully as effective as Chloromycetin and is 
much superior to para-aminobenzoic acid. 

Diseases Due to Filterable Viruses. Evidence 
afforded by laboratory experiments tvar- 
ranted an early trial of aureomycin in 
lymphogranuloma venereum; this was ac- 
complished by Wright et al.® In their 
original paper, amplified by a second,^® 
these authors have reported the results of 
treatment in thirty-five cases. Some of these 
patients had buboes, some acute proctitis 
and some rectal strictures. There was a 
remarkable and surprisingly prompt effect 
on the buboes. In a very few days they were 
materially shrunken and follow-up revealed 
that the remission was sustained. Acute 
proctitis responded equally well. The proc- 
titjs associated with rectal stricture also 
cleared although the chronic anatomic 
changes persisted. These authors, from the 
wealth of their experience in their disease, 
concluded that aureomycin surpassed any 
mode of therapy previously used. 

All of the aforementioned clinical results 
with aureomycin might have been antici- 
pated from the laboratory data existing at 
the time the drug was released for clinical 
investigation. The most unexpected finding 
in regard to this antibiotic was its curative 
effect in “primary atypical” or “virus” 
pneumonia, which was first reported by 
Kneeland et al.'’* and confirmed by Schoen- 
bach and Bryer, Finland et al.,’*“ and 
Meiklejohn and Schragg.^” The findings of 
all these groups have been essentially 
identical. Cases conforming to the accepted 
clinical pattern of atypical pneumonia, 
many of them with serologic confirmation 
of the diagnosis and most of them having 
been demonstrated to be unresponsive to 
penicillin, have almost without exception 
responded to aureomycin. In general the 
type of response resembles that seen m 
rickettsial diseases, particularly Q, fever. 
That is to say, within eighteen to twenty- 
four hours there is a definite improvement 
in the patients’ general clinical condition, 
with lessening of fever, cough, headache 
and “toxemia.” Ordinarily the temperature 
reaches normal levels at the end of forty- 
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eight hours and convalescence proeeeds 
smoothly. In our experience, if the treat- 
ment is stopped at this juncture a relapse 
will occur but this may again be brought 
under control by re-administration of the 
drug. Perhaps the most interesting aspect of 
these results is the implication that the 
agent causing primary atypical pneumonia 
may belong to the category of larger filter- 
able viruses of the lymphogranuloma- 
psittacosis group. 

Ocular Conditions. Braley and Sanders^’’“^ 
described the use of aureomycin mainly as a 
local application in the form of aureomycin 
borate, 0.5 per cent solution, in a wide 
variety of ocular infections. Excellent results 
were described in conjunctivitis due to 
staphylococcus, pneumococcus, H. influ- 
enzae and Morax-Axenfeld bacillus. Reports 
of several virus diseases of the conjunctiva 
and cornea were also included. The drug 
appeared effective in inclusion conjunc- 
tivitis and in one case of trachoma. It was 
also favorably reported in herpetic con- 
junctivitis although how this diagnosis was 
established is not stated. Only eight of 
twenty-seven patients with epidemic kerato- 
conjunctivitis appeared to benefit from the 
treatment but the authors state that, even 
so, aureomycin was more effective than any 
other agent thus far studied. 

Miscellaneous Conditions. Seven patients 
with granuloma inguinale have been treated 
orally with aureomycin and all of them 
showed a very satisfactory response accord- 
ing to Wright et al.'*® and Greenblatt 
et al.^^ 

In our own experience as well as in the 
hands of others aureomycin has had equi- 
vocal or negative effects in infective hepatitis 
and infectious mononucleosis. Although the 
evidence was not absolutely clear-cut we 
concluded that it was not effective in the 
common cold.^"* It has been tried in a 
number of conditions of undetermined 
etiology such as rheumatoid arthritis, Hodg- 
kin’s disease, periarteritis nodosa, lupus 
erythematosus disseminatus, ulcerative co- 
litis and Guillain-Barre syndrome without 
beneficial results. Its action in herpes zoster 
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appears to be equivocal. In our experience 
herpes simplex is unaffected. 

SUMMARY AND CONCLUSIONS 

A general review of the literature on 
aureomycin, both biological and clinical, 
indicates that it is an important landmark 
in the field of antibiotics. Its extremely low 
toxicity, wide range of activity and absorb- 
ability from the gastrointestinal tract com- 
bine to make it a powerful therapeutic 
weapon. To an extraordinary degree it 
approximates in a single agent the aggregate 
effects of the sulfonamides, penicillin and 
streptomycin in addition to its antirickett- 
sial and antiviral properties. Although the 
factor of expense still influences its wide- 
spread use it appears now to be the un- 
questioned agent of choice in brucellosis, 
lymphogranuloma venereum, primary atyp- 
ical pneumonia and possibly granuloma 
inguinale. In addition it seems to have 
achieved a place in the treatment of ocular 
infections. In typhoid fever it would appear 
to be clearly inferior to Chloromycetin. In 
other fields where chemotherapy and anti- 
biotics have proved useful its versatility 
places it in the front rank, 
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T he patient, M. R., (History No. 
166026), was a retired postal clerk, 
seventy-seven years of age, who 
entered the Barnes Hospital on November 
27, 1948, because of a skin eruption associ- 
ated with cough and fever. The patient was 
unable to give an accurate history and the 
information which was available was ob- 
tained from his daughter and from corre- 
spondence with the physician who had 
cared for him at home. The family history 
indicated that one brother had died of 
“heart trouble” and another of tuberculosis. 
The patient had no significant exposure, 
however, to the latter. One sister died of 
carcinoma. The patient’s general health was 
good until he reached the age of forty-four 
when he e.xperienced nervousness and loss 
of weight for ^vhich a th)Toidectomy was 
performed. Similar symptoms returned three 
years later and a second thyroidectomy was 
done. The patient’s symptoms were relieved 
and he then remained well until one and 
one-half years before entry when he de- 
veloped pneumonia. He was treated with 
a sulfonamide and later with penicillin. 
During convalescence a red swollen area 
appeared on the right arm just above the 
elbow and gradually e.xtended downward 
over the forearm. At the same time he 
developed pain in both calves and a red, 
swollen, cord-like band appeared over the 
right calf. Similar areas were noted over 
other parts of his body including the face 
and the left thumb; gradually all the lesions 


cleared completely. Studies in a hospital in 
the patient’s own community were said to 
have been negative; the nature of these 
procedures, ho%vever, was not known. 

One month prior to entry the patient 
developed a severe upper respiratory infec- 
tion with fever and malaise. He was treated 
symptomatically without relief and then 
sulfamerazine therapy orally was instituted. 
The patient was also given 1 cc. of a re- 
pository penicillin preparation three times 
during a six-day period. Although his 
general condition improved somewhat, red 
tender nodules appeared first on his right 
ankle and right tibia and later over the 
arms, forearms, left leg and foot. The 
nodules were said to have been strikingly 
similar to those which he had developed 
with his previous infection one and one-half 
years before. He had low-grade fever with 
occasional spikes and a persistent hacking 
cough. Moderate periorbital edema de- 
veloped and then subsided. A blood count 
at that time was said to have shown “a 
marked hypochromic anemia and a moder- 
ate leukocytosis.” Because the patient failed 
to improve, three weeks before coming to 
the Barnes Hospital he entered the hospital 
in his own community. Reports from that 
institution stated that his red cell count was 
3,100,000 and the hemoglobin 68 per cent. 
The white blood cell and differential counts 
were normal. The skin nodules faded but 
spiking temperatures persisted. At the end 
of the second week in the hospital the pa- 
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tient began to have severe ehills and his 
temperature reaehed elevations of 103°f. 
Thrombophlebitis involving the superficial 
veins in both forearms and in one leaf was 

O 

noted. The patient’s condition became worse 
and following one particularly severe chill 
his temperature reached 105°f. He de- 
veloped an urticarial eruption. Following a 
transfusion of 400 cc. of whole blood he was 
sent to the Barnes Hospital for further 
studies. 

Physical examination on entry revealed 
a temperature of 39.2°g., pulse 136, respira- 
tions 24 and blood pressure 135/65. The 
patient was a well developed but poorly 
nourished, lethargic, obtunded man who 
was acutely ill. Over the entire skin surface 
there were many red, raised lesions varying 
from 2 to 10 cm. in diameter; these were 
nodular and in some areas circinate with a 
raised border tending to clear from the 
center. In addition a number of small 
urticarial wheals were seen. The skin was 
hot and dry. Questionable swelling and 
pain on motion of some of the joints were 
noted. Many discrete, firm, non-tender, 
freely movable lymph nodes were palpable 
in the cervical, axillary and inguinal regions. 
The eyelids were reddened and rather swol- 
len. The fundi revealed narrowing and 
tortuosity of the arterioles. No hemorrhages 
or exudates were seen. Hearing was obvi- 
ously impaired. The nasal mucosa was red 
and partial bilateral obstruction was de- 
scribed. The pharynx was injected. The 
thyroid was not palpable. Signs of em- 
physema were present and there was slight 
dullness to percussion at the right base. 
Decreased breath sounds were noted at 
both bases posteriorly and in these areas 
moist sticky rales were heard. The heart 
was not enlarged. The rate was rapid but 
the sounds were of good quality. A grade 1 
to 2 apical systolic blow was heard. The 
peripheral arteries were tortuous; those of 
the feet pulsated. Examination of the ab- 
domen was entirely negative. The prostate 
was slightly enlarged. Two plus pitting 
edema of the ankles was present and there 
was slight swelling of the proximal pharyn- 
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geal joints and of the wrists, and some dis- 
comfort on flexion of the knees. Neurologic 
examination was essentially normal. 

Laboratory findings were as follows: 
Blood count: red cells, 2,850,000; hemo- 
globin, 9 Gm.; white cells, 7,300; differ- 
ential count: eosinophiles, 1 per cent; stab 
forms, 4 per cent; segmental forms, 78 per 
cent; lymphocytes, 14 per cent and mono- 
cytes, 3 per cent; platelet count, normal. 
Urinalysis: albumin, 1 plus; sugar, nega- 
tive; sediment, showers of granular casts 
and occasional red cells. Stool examination: 
guaiac, negative. Blood Kahn test: nega- 
tive. Blood chemistry: non-protein nitrogen, 
42 mg. per cent; total proteins, 6.8 Gm. per 
cent; albumin, 3.2 Gm. per cent; globulin, 
3.6 Gm. per cent; cephalin-cholesterol 
flocculation test, 2-f-; thymol turbidity test, 
13.8 units; total bilirubin, 0.86 mg. per 
cent; prothrombin time, 62.5 per cent of 
normal; sulfonamide level, 0. Blood cultures: 
no growth. Sedimentation rate: 1.3 mm. per 
minute (corrected). Sputum smear: no acid 
fast organisms seen. Sputum culture: coli- 
form bacilli. Agglutination tests: typhoid, 
paratyphoid, OX-1 9 and brucella, all nega- 
tive, Venous pressure: 80 mm. of sodium 
chloride. Circulation time (decholin): 12 
seconds. Electrocardiogram: occasional au- 
ricular premature contraction. Roentgeno- 
grams of the chest: “There is peribronchial 
infiltration in the posterior portions of both 
lower lobes with no definite evidence of 
pneumonia.” 

Shortly after his entrance into the hos- 
pital the patient was seen in consultation by 
a dermatologist who made a diagnosis of 
erythema multiforme and urticaria. The 
patient was placed on a regimen w'hich 
included 100,000 units of penicillin every 
three hours, a soft diet and supplementary 
vitamins. He also was given a blood trans- 
fusion after which his red cell count rose to 
3,070,000 and the hemoglobin to 10.8 Gm. 
The patient continued to cough up a 
moderate amount of mucopurulent sputum 
and rales continued to be audible at both 
bases. 

During his second hospital w'cek he re- 
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mained rather obtunded. Because of the 
persistence of rales in the chest another x- 
ray was taken. This film revealed a great 
increase in the lung markings bilaterally. 
A third film taken several days later showed 
a minimum pleural effusion on the left. 
Intravenous pyelograms were essentially 
negative. Gastrointestinal roentgenograms 
were indeterminate. When the pleural ef- 
fusion was demonstrated by x-ray examina- 
tion a thoracentesis was done and 20 cc. of 
cloudy, light yellow fluid were removed. The 
fluid had a specific gravity of 1.018 and 
contained 3.6 Gm. per cent of protein. The 
fluid contained 2,700 cells with acid of 
which 76 per cent were polymorphonuclear 
forms. Culture of the fluid was negative. 
Repeated urinalyses revealed albuminuria 
and the sediment showed casts and oc- 
casional red cells. 

During the first ten days of hospitaliza- 
tion the patient’s temperature spiked each 
day to a maximum of 39.6°c.; on a single 
day two spikes were recorded. The pulse 
remained quite elevated. About the eleventh 
day this patient’s temperature receded 
somewhat but for the following eight days 
was still slightly elevated. Basal rales per- 
sisted and on the eighteenth hospital day the 
patient coughed up blood-tinged sputum. 
Bleeding and clotting times were normal but 
the prothrombin time was 30 per cent of 
normal. Thrombophlebitis of the veins of 
the arms and legs became evident and 
edema of the lower extremities increased 
markedly. The patient was given amigen 
daily and more blood transfusions. The skin 
lesions of erythema multiforme and urti- 
caria varied in intensity but after the 
administration of amigen became more 
prominent. 

Skin and muscle biopsies were taken and 
microscopic examination of the sections 
revealed areas of acute and chronic inflam- 
mation of the muscle. The inflammatory 
cells consisted of polymorphonuclear leuko- 
cytes, mononuclear cells and a fair number 
of eosinophiles. There were no necrotizing 
lesions of the arterial walls. The dermis 
revealed very prominent acute and chronic 


inflammatory changes and large masses of 
inflammatory cells. A diagnosis of acute and 
chronic inflammation of the skin and mus- 
cles, etiology undetermined, was made. 

On the twentieth hospital day the patient 
again began to have spiking fever which 
reached 40°c. and continued for four days. 
Streptomycin therapy was then instituted. 
During this period of high fever sputum 
cultures revealed Neisseria and non-hemo- 
lytic streptococci. Smears of the sputum, 
however, also showed gram-negative rods. 
Physical examination revealed persistent 
rales at both lung bases. 

The patient developed purpuric spots 
about the eyes and over the arms and trunk. 
Blood studies by the Hematology Depart- 
ment revealed the following: red cells, 
2,970,000; hemoglobin, 10.2 Gm.; white 
cells, 13,050; platelets, 100,000; reticulo- 
cytes, 2.4 per cent; differential count: baso- 
philes, 2 per cent; stab forms, 20 per cent; 
segmented forms, 73 per cent; lymphocytes, 
4 per cent (three of which appeared young) 
and 1 monocyte. Toxic granules were seen 
in the polymorphonuclear leukocytes. Co- 
agulation time, minutes; prothrombin 
time, 20 seconds; (normal control, 20 sec- 
onds); bleeding time, 22 minutes; clot 
retraction, poor. A diagnosis of thrombo- 
cytopenic purpura, probably secondary, 
was made. Several days later a repeat 
platelet count was 36,000. The patient ex- 
hibited increased difficulty in breathing and 
oxygen therapy became necessary. Gradu- 
ally he became weaker although once again 
he was afebrile. During the last two weeks 
of life the urinary output on several days 
was markedly reduced and albuminuria at 
times was extremely pronounced. Near the 
end of his hospital course the total proteins 
were 5.5 Gm. per cent with albumin, 2.1 Gm. 
per cent and globulin, 3.4 Gm. per cent. 
The cephalin-cholestcrol flocculation test 
remained at 4 plus and the thymol turbidity 
was 18.5 units. The non-protein was 38 mg. 
per cent and the white count had risen to 
17,800. On December 25, 1948, the patient s 
temperature again spiked to 40°c. and he 
expired. 
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CLINICAL DISCUSSION 


Dr. W. Barry Wood, Jr.: We all will 
agree that this patient presented an ex- 
tremely complicated diagnostic problem. 
From the data available a number of 
organs which probably were involved by 
this disease process can be listed: first of all, 
the skin as indicated by erythema multi- 
forme and urticaria; second, the blood 
vessels, particularly the veins, as evidenced 
by the fact that the patient had multiple 
thrombophlebitis; third, the patient had 
pain on motion in some of the joints; fourth, 
moderate lymphadenopathy was recorded. 
The lungs were the site of abnormal changes 
and the pleura may also have been primarily 
affected. The results of the surgical biopsy 
suggest that the muscle was pathologically 
involved and finally the anemia and 
thrombocytopenia suggest changes in the 
bone marrow involvement. One cannot be 
certain, however, that the changes in the 
blood were not secondary rather than 
primary. Dr. Moore, would you comment 
on the evidence which suggests that the 
liver also may have been incriminated? 

Dr. Carl V. Moore: The liver function 
tests were certainly abnormal. Several tests 
were done and since all the results showed 
definite deviation from the normal I think 
one can be quite certain that the liver, like 
many other organs, was involved. 

Dr. Wood: In the face of infection with 
high fever, such as was present in this case, 
can one rely on liver function tests to de- 
termine whether there is really organic 
disease damage in the liver itself? 

Dr. Moore: I do not believe that an 
abnormal cephalin-cholesterol flocculation 
test per se would enable one to state that a 
patient had primary liver disease, but I 
doubt that the prothrombin time would be 
altered to the degree that it was here unless 
there was intrinsic hepatic disease. 

Dr. Wood: Would you agree with that. 
Dr. Shank? 

Dr. Robert E. Shank: Yes, I would. I 
believe that the liver can definitely be 
incriminated. 
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Dr. Wood: I should like to ask the 
students to suggest diagnoses which might 
explain all of the clinical manifestations 
exhibited by this patient. 

Student: Leukemia or lymphoma must 
be considered. 

Student: Polyarteritis nodosa may give 
rise to this type of clinical picture. 

Student: Stevens-Johnson’s disease, so- 
called erythema multiforme exudativum, is 
characterized by certain features which 
were recorded here. 

Student: Disseminated lupus erythema- 
tosus. 

Dr. Wood: That diagnosis is less likely 
here, of course, than it would be had this 
patient been a woman. 

Student: Dermatomyositis. 

Dr. Wood: Does anyone care to suggest 
scleroderma? Certainly all of the collagen 
diseases must be discussed. Are there any 
other suggestions? 

Student: Buerger’s disease should be 
mentioned in view of the venous involve- 
ment but I doubt that it could have caused 
the entire clinical picture. 

Dr. Wood: We now have a considerable 
number of diagnostic possibilities and we 
shall attempt to evaluate them in the light 
of this patient’s history and course in order 
to reach the correct diagnosis. Dr. Taussig, 
would you comment on the likelihood of 
leukemia having been the primary disease? 

Dr. Barrett L. Taussig: Considering 
the organs involved in this case, one by one, 
leukemia may indeed affect the skin and 
erythema nodosa may occur. Urticaria is 
certainly not common, however. Thrombo- 
phlebitis may be an accompanying com- 
plication of any disease process although I 
do not believe it is particularly common in 
leukemia. Similarly, the joints are not 
usually involved unless there is hemorrhage 
into a joint space. Lymph node enlarge- 
ment, of course, is common although I 
would have expected perhaps even more 
adenopathy than was present in this in- 
stance. Although leukemic infiltration in 
the lungs is reported, I do not think the 
sequence of events here was particularly . 
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characteristic; pleural involvement is not 
common. The kidneys and the muscle may 
be., infiltrated with leukemic cells but again 
I think the changes seen here were rather 
marked for the usual findings in leukemia. 
Bone marrow changes, insofar as the red 
blood eells and the platelets are concerned, 
are entirely consistent. Considering the 
situation as a whole, I believe that the 
findings are not too much in favor of 
leukemia. 

Dr. Wood: Dr. Sale, do you think 
lymphoma should be considered? 

Dr. Lle\vellyn Sale, Jr.; Although 
many of the organs which were apparently 
involved in this instance may be affected in 
lymphoma, I believe that it is no more 
likely than is leukemia. 

Dr. Wood; Let us inquire whether the 
hematologists will defend either of these 
diagnoses. 

Dr. Moore; In view of the fact that the 
skin and muscle biopsy showed chronic 
inflammatory changes with infiltration of 
polymorphonuclear leukocytes, I think lym- 
phoma can be ruled out; in lymphoma such 
infiltration is due to l>TTiphocytic cells. 

Dr. Wood; Dr. Goldman, do you think 
that the clinical picture is compatible with 
Boeck’s sarcoid? 

Dr. Alfred Goldman: Neither the skin 
lesions nor the muscle biopsy findings are 
characteristic. The pulmonary manifesta- 
tions. likewise, arc not those usually seen 
in sarcoid although sarcoid may e.xhibit 
bizarre patterns in the lungs. Usually, 
however, the hilar lymph nodes arc promi- 
nent; and if the process is widespread, 
miliary infiltration in both lungs is seen. I 
believe I would reject the diagnosis of 
sarcoidosis. 

Dr. Wood; What is your feeling in 
regard to Stevens-Johnson’s disease. Dr. 
Scott? 

Dr. Virgil C. Scott; Stevens-Johnson’s 
disease, the etiology* of which is not known, 
is manifested chiefly by fever, the lesions of 
ciythcma inultiformc, particularly of the 
upper e.xtrcmitic.s, often with involvement 
of the pleural cavity and of tlic genitalia 


and with skin lesions which are frequently 
vesicular and bullous. These bullae may 
rupture and may become secondarily in- 
fected. I do not think that this man had 
Stevens-Johnson’s disease. 

Dr. Wood: The skin manifestations 
might be explained on that basis and it is 
true that pneumonia may' occur as a com- 
plication. In that regard there is an inter- 
esting report from Dr. Finland’s laboratory 
in Boston reporting fatal cases of pneu- 
monia in association with this syndrome.* 
However, I agree that that diagnosis does 
not explain all of the findings here and I 
believe that we can therefore eliminate it 
from further differential diagnosis. Dr. 
Smith, what about Buerger’s disease? 

Dr. John R. Smith: It is quite unlikely 
that Buerger’s disease could have been 
responsible for all of this man’s difficulties. 
Thromboangitis obliterans when extensive 
may involve the vessels of all the extremities; 
it may affect the coronary arteries, cerebral 
arteries and indeed arteries to any organ. 
Usually, however, the site of the pathologic 
process is in the vessels of the legs, parallel 
involvement of both veins and arteries being 
common. I doubt that it needs serious 
consideration in this instance. 

Dr. Wood; I would agree that it would 
be difficult to attribute all of the manifesta- 
tions in this case to Buerger’s disease. Wc 
are then left with diseases that are often 
classified together as diseases of the con- 
nective tissue or so-called collagen disca.se. 
The latter term is now widely used in the 
current literature and I think it would be 
well to discuss these possibilities in detail. 
Dr. Hampton, do you believe that the 
findings here are compatible with the 
diagnosis of polyarteritis nodosa? 

Dr. Stanley F. Hampton: I think that 
that diagnosis seems most likely when one 
reads the protocol; I believe that it would 
explain the entire clinical picture. 

Dr. Wood: In other words, the first 
diagnosis which would come to your mind, 

* Finland, M., Jou.ifie, L. S. and Parker, F., Jr- 
Pneumonia and cr^'thema multiforme cxudatis'um. .'!'«• 

J. AM., 4: 473, 1948. 
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occurred in proven polyarteritis nodosa. 


having considered this protocol, would be 
polyarteritis nodosa. That impression is 
afforded support by the fact that when this 
patient had pneumonia, approximately one 
and one-half years before his final illness, 
he was given a sulfonamide and after 
recovery was fairly well until one month 
before admission when he acquired another 
respiratory infection and again was given 
a sulfonamide. Polyarteritis due to sul- 
fonamide hypertensitivity is, of course, a 
now well known entity and one must there- 
fore eonsider it seriously in this situation. 
Dr. Bukantz, do you agree that this patient 
definitely had polyarteritis nodosa? 

Dr. Samuel G. Bukantz; I have some 
doubt. I agree that most of the findings are 
extremely typical of polyarteritis with the 
possible exception of liver involvement. 
Some changes in liver function may be 
associated with polyarteritis but I am not 
aware of them. 

Dr. Wood: Polyarteritis may, of course, 
involve vessels anywhere in the body and 
thus any organ. I believe the liver may be 
involved in a significant number of cases 
and therefore think that the hepatic ab- 
normalities here do not necessarily exclude 
the diagnosis. What is your view on that 
subject. Dr. Hampton? 

Dr. Hampton: I agree with you. 

Dr. Wood: What about venous involve- 
ment in periarteritis? 

Dr. Keith S. Wilson: The veins ma)^ be 
involved in the disease. The bone marrow 
findings disturb me somewhat; I am not 
sure that they can be explained on the basis 
of polyarteritis. Perhaps the same drug 
sensitivity which gave rise to that entity, 
however, also exerted a toxic effect on the 
marrow. 

Dr. Wood: Let us ask Dr. Moore whether 
he believes the bone marrow is involved 
primarily or secondarily here. 

Dr. Moore: I do not know. There was 
no bone marrow aspiration performed on 
this patient, but I think that there is a- 
definite possibility that the bone marrow 
involvement was primary for I have seen 
one other case in which thrombocytopenia 


The bone marrow changes may have been a 
manifestation of hypersplenism; that is, the 
spleen may have been involved primarily 
by polyarteritis and secondarily affected the 
bone marrow. I do not believe here that 
these two possibilities can be differentiated. 
Probably, even if a bone marrow aspiration 
had been done, the answer to that question 
could not be determined. 

Dr. Wood: I am quite certain that the 
bone marrow was involved here. I do not 
think, however, that the clinical manifesta- 
tions of bone marrow involvement are very 
common. 

Dr. Wilson: I think it is much more 
likely for drug sensitivity per se to produce 
bone marrow changes such as occurred 
here than for polyarteritis to do so. In 
addition, I believe that carcinoma of the 
pancreas should be considered. 

Dr. Wood: Multiple venous thromboses 
occur not uncommonly in carcinoma of the 
body or tail of the pancreas and therefore 
that diagnosis should be mentioned. Multi- 
ple venous thromboses may occur with 
other carcinomas, too, may they not. Dr. 
Scheff? 

Dr. Harold Scheff: They may be seen 
with carcinoma anywhere in the body but 
are most often associated with carcinoma 
of the body or the tail of the pancreas. 

Dr. Wood: Would you like to suggest, 
Dr. Wilson, that the entire clinical picture 
may be explained on the basis of carcinoma 
of the pancreas? 

Dr. Wilson: No, I think that the patient 
had polyarteritis also. However, urticaria 
and erythema multiforme may be seen as a 
concomitant of metastatic tumor from any 
primary source; it is particularly apt to 
occur if the liver is involved. 

Dr. Wood: In other words, skin rashes 
may develop when the liver is involved by 
carcinoma. 

Dr. Wilson: Yes. It would be difficult, 
however, on the basis of pancreatic car- 
cinoma to explain involvement of the 
kidney and of the muscles and therefore 
carcinoma of the pancreas is my second 
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choice; I do believe that it should be men- 
tioned. As I have said before, I believe that 
the patient definitely had polyarteritis. 

Dr. Wood: It appears that all the mem- 
bers of the allergy division made a single 
diagnosis; namely, that of polyarteritis 
nodosa. 

Dr. Goldman; Does the absence of 
hypertension disturb any of the allergists 
in making that diagnosis? 

Dr. Wilson: There are a number of 
recorded cases of polyarteritis without renal 
involvement and those cases do not exhibit 
hypertension. It is true that approximately 
75 per cent of the patients whose kidneys 
are the site of polyarteritis do develop 
hypertension. 

Dr. Wood: Dr. Goldman, do you have 
any further comment? 

Dr. Goldman: Recently Dr. George 
Baehr was here and discussed the collagen 
diseases. He made the statement that in the 
absence of hypertension one of the other 
collagen diseases should receive primary 
consideration. 

Dr. Wood; Would you want to throw 
out the diagnosis of polyarteritis on the 
basis of Dr. Baehr’s statement? 

Dr. Goldman: Not entirely, but I would 
like to consider other collagen diseases. 

Dr. Bukantz: This discussion brings up 
a very important point. Classical poly- 
arteritis nodosa is generally associated with 
hypertension and with lesions of the larger 
sized arteries; not infrequently occlusion 
occurs but such cases show no evidence of 
venous involvement. On this basis some 
pathologists have raised a question con- 
cerning the significance of the experimental 
form of polyarteritis which has been pro- 
duced in rabbits, for many of the animals 
have shown not only arterial lesions but 
venous lesions as well. The type of diffuse 
vascular involvement, however, which is 
associated with hypersensitivity, such as to 
sulfonamide drugs, is characterized by 
\videspread involvement of the smaller 
blood vessels. It is this type of vasculitis 
which resembles the experimental disease 
produced in rabbits by massive injections 


of protein. This latter entity is often called 
polyarteritis nodosa although, as pointed 
out, it differs from the classical form. 

Dr. Robert J. Glaser: In view of this 
discussion of venous involvement, I be- 
lieve a syndrome which is called migratory 
thrombophlebitis might be discussed. This 
clinical entity, which is not the one associ- 
ated with carcinoma of the pancreas or of 
other organs but rather is associated with 
rheumatic fever, fits the clinical picture 
described here quite well. I have seen 
migratory thrombophlebitis only once and 
then in a rather young patient who had 
definite acute rheumatic fever. It has, how- 
ever, been described by a number of 
writers and presumably is due to hyper- 
sensitivity. As has been noted, this patient 
also had erythema nodosa which, likewise, 
is assumed to be a manifestation of hyper- 
sensitivity. It seems to me, as Dr. Bukantz 
has clearly stated, that there is a whole 
group of diseases characterized by hyper- 
sensitivity, particularly to the sulfonamides 
which are not, at least by pathologists, 
called polyarteritis. Rather they are simply 
classified as having been due to sulfonamide 
hypersensitivity; they may be characterized 
by vascular involvement of almost any 
organ. 

Dr. Wood: I think the terminology is 
not as important as an understanding of the 
general pathogenesis of this group of 
diseases; actually the term “collagen dis- 
ease” which is now being used with in- 
creasing frequency includes all of these 
disease entities in one group and yet avoids 
the argument which Dr. Bukantz and Dr. 
Glaser have just raised, stressing the minor 
differences among them. In passing, I 
should like to ask if anyone would like to 
support the diagnoses of either lupus ery- 
thematosus dissemenata or dermatomyositis. 

Student: Dr. Wood, in view of the fact 
that the biopsy of the skin and muscles did 
,not show necrosis of the arterial walls but 
definite infiltration of the skin and muscles, 
would not one be more justified in making 
a diagnosis of dermatomyositis? 
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Dr. Wood: I believe that changes noted 
in the skin biopsy could go along with any 
of the diagnoses. Their differentiation is a 
matter of degree and may be most difficult. 
In summary, I believe it is fair to say that 
of all the suggestions made by the students, 
the staff is most enthusiastic about the 
group of collagen diseases. We have had 
some difficulty in defining which of the 
collagen diseases best fits this picture but 
we lean toward polyarteritis as being most 
likely. In view of the muscle involvement 
we realize that the pathologists may make 
a diagnosis of dermatomyositis; and if such 
is the case, the clinicians will not be 
disappointed. 

Dr. Joseph G. Edwards: Those of us who 
observed this patient during his lifetime 
believed that this was some form of collagen 
disease although we were not able to dis- 
tinguish the exact form. The physician who 
referred the patient to this hospital suggested 
the possibility of sulfonamide hypersensi- 
tivity and also raised the question as to 
whether penicillin could have been responsi- 
ble for this entity. 

Dr, Wood: I do not recall any of the 
reports from the literature of proven poly- 
arteritis nodosa following penicillin. Skin 
sensitivity to penicillin, of course, is well 
known but I do not believe that full blown 
polyarteritis has yet been described. 

Clinical Diagnoses: Diffuse collagen disease, 
probably polyarteritis nodosa; ? carcinoma 
of the pancreas. 

PATHOLOGIC DISCUSSION 

Dr. Angel Earp: There was pitting 
edema of the subcutaneous tissue of the feet 
and over the skin of the entire body there 
were numerous irregular purple or blue- 
black, non-elevated discolorations 0.5 to 5 
cm. in diameter. The lungs were attached 
to the parietal pleura and diaphragm by 
loose fibrous adhesions and similar ad- 
hesions obliterated the interlobar fissures. 
The right pleural cavity contained approxi- 
mately 100 cc. and the left 200 cc. of cloudy 
yellow fluid. The lungs together weighed 
3,550 Gm. and were of a uniform fleshy 

OCTOBER, 1949 


549 

appearance and firm consistency. The cut 
surfaces bulged slightly and were gray and 
mottled with irregular red areas. The tissue 
was smooth and slightly translucent. A 
moderate amount of brownish red fluid 
oozed from the cut surfaces; the bronchi 
contained similar fluid. No gross abnormali- 
ties of the pulmonary vessels were noted. 

The heart weighed 400 Gm. and in the 
epicardium there were many punctate 
ecchymoses. The abdominal cavity con- 
tained no free fluid. The right kidney 
weighed 205 Gm. and the left 180 Gm. 
The organs were pale and softer than 
normal. The capsules stripped with ease 
and finely granular surfaces with occasional 
flat-based irregular scars to 1 cm. in 
diameter were exposed. The cut surfaces of 
the cortex were pale and bulged slightly 
but the normal markings were easily dis- 
cernible. Numerous punctate ecchymoses 
were present in the mucosa of the pelves and 
ureters. The spleen was moderately hyper- 
plastic. The liver and biliary tract were of 
grossly normal appearance. Examination 
of the gastrointestinal tract revealed only 
focal areas of congestion in the mucosa. The 
wall of the urinary bladder was moder- 
ately trabeculated and the prostate was 
slightly enlarged. 

Dr. Robert A. Moore: The dominant 
gross finding was a peculiar type of pneu- 
monia which involved all lobes in a uniform 
rather than nodular manner and resulted 
in a fleshy, reddish gray appearance. It was 
associated with finely organized adhesions 
over the pleural surfaces and with pleurisy 
in the spaces between the adhesions. Except 
for the enlarged, soft kidneys, the other 
organs were not grossly remarkable and 
abnormal change consisted essentially of 
the presence of petechiae and ecchymoses. 
Our attention was therefore focused on the 
problem of the pneumonia. 

Microscopically, the picture in the lung 
varied a good deal from low-power field to 
low-power field although the sections from 
all lobes of the lungs were essentially similar. 
In the region illustrated in Figure 1 the 
alveolar walls are thickened and enlarged 
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Fig. 1. Pneumonia of an unusual type characterized by a mononuclear infiltration, fibroblastic 
proliferation in the alveolar walls, metaplasia of the alveolar lining and cells, fibrin and precipitated 
protein in the alveoli. 

Fig. 2. A more detailed view of the fibrous thickening and cellular infiltration of the alveolar walls 
of the lung and of the cuboidal cells lining the alveoli. 

Fig. 3. An interlobular septum of the lung in which there is marked edema, fibrin and a mono- 
nuclear infiltration. 

Fig. 4. Mononuclear infiltrate in the adventitia of a small artery’ in the lung without changes in the 
inner layers. 


and the vessels are congested. In some 
alveoli there are large amounts of granular 
debris, some fibrin, large cells of the mono- 
nuclear type and a few polymorphonuclear 
leukocytes. The definite increase in thick- 
ness of the alveolar walls resulted not only 
from infiltration with fluid but also from 
the proliferation of fibroblasts and the in- 
filtration of cells, most of which were 
l^TTiphocytes and mononuclear cells. Some 
of the mononuclear cells were in the alveolar 
lumens and appeared as pulmonary phago- 
cytes. In Figure 2 there is a more detailed 
view of the alveolar walls with an alveolus 
which was lined by cuboidal cells. The 
alveolar wall contains a rather robust 
fibroblastic stroma infiltrated with cells of 
the mononuclear and hanphocytic series. 

Bacteriologic cultures of the lung revealed 
a few colonics each of staphylococci, diph- 


theroids and a Klebsiella organism, but 
none of these organisms was present in 
sufficient numbers to indicate that it was 
responsible for such advanced disease. 
Bacterial stains of sections of the lung con- 
firmed the impression that these organisms 
were etiologically not significant, for bac- 
teria could not be identified in either the 
regions where there were polymorpiio- 
nuclear leukocytes or mononuclear cells, 
or in the interstitial tissue or alveoli. 
Because of the interstitial fibrotic reaction 
which we thought might have been related 
to the clinical history of two episodes of 
pneumonia and because of the presence of 
myocarditis and interstitial nephritis, as 
will be described, the possibility of rickett- 
siac as the ctiologic agent was considered 
but special stains for such organisms were 
negative. This pneumonia, therefore, can- 
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Fig. 5. Sub-intimal mononuclear infiltration of a moderate sized branch of the pulmonary artery 
without changes in the media or adventitia. 

Fig. 6. A focal lesion in the cortex of the kidney about a small necrotic artery which is quite similar 
to the vascular lesion of disseminated lupus erythematosus. 

Fig. 7. Myocarditis composed of an interstitial infiltrate of mononuclear cells. 

Fig. 8. Sub-intimal mononuclear infiltration of a vein in the spleen similar to the lesions in larger 
pulmonary arteries and veins throughout the body. 


not be established as having been due to a 
specific organism. 

This peculiar type of pneumonia was 
characterized by early fibrous organization 
of interstitial inflammation, co-existent with 
exudation of leukocytes and mononuclear 
cells into the alveoli. Further, as illustrated 
in Figure 3, in the interlobular septa there 
is tremendous edema and distention of the 
lymphatic spaces with very slight infiltration 
of mononuclear cells. Around some of the 
small blood vessels in the lungs (Fig. 4) there 
IS a definite perivascular cellular infiltrate 
composed of mononuclear cells with a few 
lymphocytes. No eosinophilic or neutro- 
philic leukocytes are present and, so far as 
we can determine, there is no swelling or 
fibrinoid change of the collagen. In the 
intima of some of the blood vessels of the 
lung, such as the moderate sized branch of 
the pulmonary artery seen in Figure 5, 
there is thickening and cellular infiltration 
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of the intima with the same types of cells 
present in the other infiltrates. In the ad- 
ventitia and media there are no significant 
changes. 

In the sections of the kidney there were 
numerous focal lesions in the cortex charac- 
terized by separation of the tissue, edema 
and cellular infiltration with the same types 
of mononuclear cells, and in the particular 
instance illustrated (Fig. 6) one of the foci 
includes a small artery which is definitely 
necrotic and appears to have been previ- 
ously swollen by edema and infiltrated by 
mononuclear cells. In the myocardium 
(Fig. 7) there are no vascular lesions, but 
in a few foci increased numbers of mono- 
nuclear cells in the interstitial tissue are 
seen. These cells resemble those of the 
infiltrates in the other organs and are not 
the so-called Antischkow myocytes seen in 
many non-specific inflammations of the 
myocardium. 
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An example of a lesion present in many 
veins is seen in Figure 8 taken from the 
spleen; throughout the body changes simi- 
lar to those in the pulmonary arteries are 
noted in that the endothelium is lifted off 
the vessel wall and mononuclear cells have 
infiltrated beneath the endothelium. This 
lesion is non-specific and is seen throughout 
the body in a wide variety of diseases. 

In sections of the liver there was very 
definite but slight cirrhosis. There were no 
vascular lesions in the liver, however, and 
no cellular infiltration of any significance. 

It is our conclusion that the lesion in the 
lung is to some extent suggestive of the type 
which occurs in hypersensitivity reactions, 
but it cannot be explained entirely on that 
basis. There was something additional in 
the nature of an interstitial and exudative 
pneumonia with organization which is not. 
so far as we are aware, consistent with what 
has been described and with what we have 
observed in reactions to the sulfonamide 
drugs or other sensitizing agents per se. On 
the other hand, the very definite lesions in 
the kidney cannot be explained on the same 
basis as the pneumonia. Furthermore, in 
the biopsy specimen of the muscle there was 
very definite interstitial myositis with poly- 
morphonuclear leukocytes, and in the myo- 
cardium at autopsy there was a focal but 
definite interstitial myocarditis. The only 
interpretation of this case that I can offer 
to fit the clinical and pathologic observa- 
tions would be as follows; 

This patient had pneumonia about one 
and one-half years before death treated with 
one of the sulfonamide drugs. Over a year 
later he again developed pneumonia, the 
cause of which we cannot demonstrate. He 
was again treated with sulfonamides and 
at the time he died was apparently suffering 
from two diseases, pneumonia of unknown 
causation and a sensitivity reaction to 


sulfonamides, manifest in the heart, kidneys 
and veins throughout the body. 

It is a perplexing problem to choose a 
name for the disease I have described. This 
patient did not have the lesions of the 
classical type of polyarteritis nodosa in 
which there are changes in the adventitia 
and media of the arteries as well as in the 
intima, nor were the changes those of 
dermatomyositis. The artery in the section 
from the kidney could pass for an artery 
from a case of disseminated lupus erythe- 
matosus, but ehanges in more than one 
artery'- are necessary in order to make that 
diagnosis. It has, however, become the 
consensus in the literature in the last few 
years, and it has certainly been our experi- 
ence, that these diseases are not the distinct 
entities pathologically that they were once 
thought to be; rather they represent expres- 
sions of a diffuse disease of collagen which 
may take different forms in different pa- 
tients or even in the various organs of a 
single patient. I believe that this patient did 
have a sensitivity type of reaction, evi- 
denced by diffuse disease of the collagen, 
but that in addition he developed pneu- 
monia of some peculiar type which appar- 
ently marked the beginning of the terminal 
episode. 

Filial Anatomic Diagnosis: Atypical pneu- 
monia of all lobes of the lungs; non- 
suppurative interstitial nephritis; interstitial 
myocarditis; sub-intimal mononuclear in- 
filtration in the systemic veins and pul- 
monary arteries; ecchymoses of the skin, 
subcutaneous tissues and mucosa of the 
gastrointestinal tract, renal pelves, urters 
and epicardium; cirrhosis of the liver, 
slight. 

Acknowledgment: Illustrations were made hy 
the Department of Illustration, Washington 
University School of Medicine. 
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Case Reports 


Intestinal Lipodystrophy (Whipple’s Disease) 

Paul J. Schutz, m.d., William H. Benner, m.d. and William A. Christian, m.d. 

Chicago^ Illinois 


S ince 1907 when Whipple first described 
the entity of intestinal lipodystrophy, 
twenty-three additional cases present- 
ing similar findings have been reported in 
the literature. Not all of these can be 
accepted, either because incomplete histo- 
pathologic data have been furnished or 
because the anatomic findings are some- 
what at variance with those Whipple 
described. Included in the doubtful group 
are the three early cases described by Pem- 
berton et al.^® These patients still survive 
and will probably be reclassified at a later 
date as acceptable after further observa- 
tions of their clinical course have been com- 
pleted. Unfortunately, the diagnosis can- 
not be made with certainty by clinical study 
of the living patient because of the non- 
specific manifestations of the disease. Only 
one of Pemberton’s patients showed gross 
involvement of the small bowel and in none 
of the three was a biopsy of the intestine 
obtained. 

As far as can be determined the case we 
are reporting is the fifteenth that ade- 
quately satisfies the criteria described by 
Whipple. The diagnosis was made post- 
mortem and was not previously suspected. 
Our case is noteworthy in the following 
respects; (1) It closely resembles Whipple’s 
prototype; (2) the patient had been under 
extended clinical observation at intervals 
throughout the course of his disease; (3) 
the laboratory work-up was extensive be- 
cause of the repeated hospitalizations and 
uncertainty as to diagnosis. 

The syndrome of intestinal lipodystrophy 
as described by Whipple is “characterized 
by gradual loss of weight and strength. 


stools consisting chiefly of neutral fat and 
fatty acids, indefinite abdominal signs and 
a peculiar multiple arthritis.” All of the 
acceptable patients to date, except one,^'^ 
have been males in the fourth, fifth or 
sixth decades of life. The natural history 
of the disease is usually protracted, with 
periods of partial remission followed by 
recrudescence of the relentless downhill 
course. Terminally the clinical picture is 
that of extreme malnutrition and cachexia. 
Another phenomenon sometimes seen is 
a generalized increase in skin pigmenta- 
tion^’®’“’^^ which may cause confusion with 
Addison’s disease.^® The migratory arthral- 
gjg^i,3,5,i2,i3 lii^ewise tends to obscure the 
true nature of the disease. 

Other associated signs and symptoms are 
anemia, low blood pressure and peripheral 
pitting edema. These appear late in the 
disease and are probably secondary mani- 
festations of the poor nutritional status. One 
patient^^ had hemolytic anemia. 

Anatomically the only consistent find- 
ings have been “massive accumulations of 
intracellular and extracellular fat in the 
small intestine and its draining lymph 
nodes, with dilatation (probably resultant) 
of lacteals and mesenteric lymphatics. 
Three patients^’ have had chylous ascites 
but in none has obstruction of the thoracic 
duct been demonstrated. Fibrous pericardi- 
tis, pleuritis and peritonitis have been 
reported several times but are in no way 
specific. (Table i.) 

CASE REPORT 

The patient, an American-born white male 
of Italian parentage, was thirty-five years old 
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when first admitted on May 24, 1946. He stated 
that he had been in good health until January, 
1944. At that time both ankles became swollen 
and painful followiuti a lone road inarch (he 
was in seiwicc at the time). He soaked his leg.s 
in warm water and by the next morning his 


X-rays of all joints in both lower exticmitics 
failed to reveal arthritic changes. The chest 
plate was also normal. 

.\t no time during this .Rlinission weie .im 
manifestations of active arthritis obsen-ecl. Tlie 
shoulder disability disappeared and thereaftei 


T.able I 

PREVIOUSLY REPORTED CASES 


Acceptable Cases 



Doubtful Cases 



Author 

No. of 
Cases 

1 Year 

Author 

i 

1 No. of 
Cases 

Year 

1 

Whipple' . 

1 1 

1907 

Blumgart- 

1 ^ 

j 1923 

Jarcho’ ... 

1 1 

1 1936 

' Fleischmann® 

1 1 

1930 

HUP . 1 

‘ I 

1937 

] Collins and Berdez*® 

1 1 

1934 

Korsch'*. . 

1 

1938 

1, Boeck' 

1 1 

1937 

Glynn and Rosenheim*® 

1 

1 1938 

Pearse"* 

1 1 

1942 

Reinhart and Wilson* ... | 

1 

1 1939 

1 Pemberton et al "* 

j 3 

1947 

Sailer and McGann® ' 

1 

1942 

} 



Apperly and Copley'- 1 

1 

1 1943 

■ Total ' 

10 


Vaux" 1 

1 

1 1943 

1 1 



Amsterdam and Grayzel" . j 

1 

1 1945 

1 



Fitzgerald and Kinney" 1 

1 

1945 

1 



Rosen and Rosen" 1 

1 

1947 




Newman and Pope*” . ' 

1 

1948 

[ 1 



Chapnick®* j 

1 

1948 

1 

i 


Total ! 

1 

14 

1 

1 

1 

T 




symptoms had subsided. The pain and sw'elling 
recurred a few days later after another march. 
He w’as hospitalized and given a medical dis- 
charge because of an old quiescent osteomyelitis 
of the right fibula, not because of the arthralgia. 
In March, 1944, he developed “stiffness” of the 
knees. Since that time he has had similar in- 
volvement of his hands, w'rists, elbows, shoulders, 
back and hips at various times. A sojourn in the 
southwest and repeated trials of physiotherapy 
were of no benefit. The past history and family 
history were non-contributory. 

Physical examination revealed a well de- 
veloped, well nourished white male who was not 
acutely ill. Oral temperature yvas 98.6°f.. res- 
pirations 20, pulse 68. blood pressure 114 '80, 
height 67 inches, w'eight 1 55 pounds. He ivalked 
slowly and carefully, with short steps, but there 
was no limp. Physical examination was entirely 
negative except for slight limitation of abduc- 
tion and elevation in both shoulders, more 
marked on the left. None of the joints showed 
signs of inflammation. Laboratory’ data arc 
summarized in Tabic n. 


he w'as asymptomatic. He was discharged on 
•August 21, 1946. 

The significance of the joint pains and their 
relation to this syndrome is unknow'n. At this 
time the patient’s nutritional state w-as good and 
his bowel function w’as normal. The laboratory 
data obtained form a valuable base line with 
which to compare the observations made after 
the more classic features of the disease had 
appeared. 

The patient re-entered the hospital on August 
11, 1947, complaining of weakness, weight loss, 
abdominal pain aggravated by deep breathing, 
decreased sc.xual potency and increased pig- 
mentation of the skin of three months’ duration. 
He stated that the joint pains and swellings had 
continued from the time of his last admission 
until about three months prior to this hospital- 
ization. At that time they disappeared and he 
first became aware of a pcri-umbilical pain 
which W'as aggravated by deep breathing. He 
also developed mild dyspnea on exertion and 
noticed increasing weakness and fatiguaijiiiiy 
The least activity now exhausted him. He iiad 
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lost about 15 pounds in ^veight. a circumstance 
he attributed to his lack of appetite. There had 
been progressive darkening of the skin of the 
entire body during this same period. 

On physical examination oral temperature 
was 98.6°f.; pulse 78, respirations 18 and blood 


555 

supplemented with 5 mg. of desoxycorticosterone 
daily. He showed no improvement and this 
therapy was discontinued. 

A low fat, high carbohydrate, high protein 
diet and fifteen drops of tincture of belladonna 
four times a day were prescribed. On this 


T.'\ble II 

COLLECTED LABORATORY DATA, FIRST .ADMISSION 



May, 1 946 

June, 1946 

25 

28 

13 

18 

19 

22 

24 

1 

25 

Hemoglobin, Gm. 100 cc. of blood 

14.0 



1 



! 


R.B.C., millions, cu. mm. of blood 

5.1 








W’.B.C., thousands, cu. mm. of blood 

9.1 








Sedimentation rate, mm. per hr 


12 

19 

7 





Blood culture 





Sterile 

Sterile 



Routine urine analysis 

Negative 








Wassermann test 

Negative 








Bacterial agglutinations 




Negative 





N.P.N., mg., 100 cc. of blood 

34.2 








Urea N, mg., 100 cc. of blood 

14.0 



1 


1 



Uric acid, mg., 100 cc. of blood 

4.1 








Cephalin flocculation test 




Negative 


1 



A/G ratio, Gm. per 100 cc./Gm. per 100 cc 




3. 8/3. 7 





Basal metabolic rate 






+1 

-4 

+ 1 










pressure 105/70. He now weighed 140 pounds. 
There was a gray-brown pigmentation of the 
skin, most marked on the hands, face and neck. 
A few, small, shotty nodes were palpable in the 
groins. He seemed slightly dehydrated. Labo- 
ratory data are summarized in Table in. 

The electrocardiogram showed right axis 
deviation, flattening of T i, inversion of T 2 and 
T 3 and slight elevation of S-T 2 and S-T 3 . The 
T wave was flat in cf 2 and inverted in CF 4 . 
X-rays of the digestive tract revealed no organic 
or functional disturbance. A chest plate was also 
negative. 

During the first part of his hospital stay he 
complained bitterly of abdominal pain and 
distention not relieved by defecation, and of 
weakness. There was no diarrhea. Irregularly 
he ran a low grade fever varying from 99.0° to 
99.6°f. With symptomatic treatment directed 
toward improving his nutritional status, his 
appetite and sense of well being varied from poor 
to fair. His weight remained fairly constant at 
„ about 140 pounds. Despite the absence of posi- 
tive laboratory findings he was treated for three 
weeks for Addison’s disease. The treatment con- 
sisted of a high sodium, low potassium diet, 
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management the abdominal symptoms grad- 
ually subsided. Early in October he became 
restless and expressed a wish to return home. 
He was instructed to continue the dietary and 
antispasmodic therapy at home and was dis- 
charged on October 15, 1947. Despite the 
symptomatic relief achieved his general physical 
condition was little better than at the time of 
admission. 

Three years and five months after the onset 
of the joint pains the patient began to develop 
signs and symptoms indicative of a systemic 
wasting disease. Despite clinical evidence of 
malnutrition the related biochemical findings 
showed no deficiencies at this time. 

No evidence of diminished adrenal or pitu- 
itary function could be demonstrated by the 
laboratory studies. (Table in.) The significance 
of the elevated basal metabolic rate is obscure. 
It is without parallel in the literature of Whip- 
ple’s disease but occurs in about 50 per cent 
of those with idiopathic steatorrhea. There 
was no evidence of thyrotoxicosis. The thyroid 
gland was small and symmetrical, there was no 
tachycardia, tremor or eye signs, the oral 
glucose tolerance test was normal, there ^vere no 
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complaints of insomnia, increased nervousness 
or heat intolerance, and his appetite certainly 
was not excessive. 

The possibility of hemochromatosis nas con- 
sidered but again no substantiating evidence 


On January 27, 1948, he was admitted for the 
third time. Following his previous hospitaliza- 
tion he had remained weak and undci weight 
although his family doctor had tried various 
medications in an effort to build up his health 


T \BLE in 

COLLECTED L\BOR^TORY D \TA. SECOND ADMISSION' 



1 August, 1947 

i 

Septcmbei, 1947 

12 

13 

18 

26 

30 

5 

10 

18 

Hemoglobin, Gm., 100 cc. of blood 

14 0 


12 0 

14 0 




12 5 

R.B.C , millions, cu. mm. of blood 

5 0 


4 35 

4 6 




4 34 

W.B.C., thousands, cu. mm. of 









blood . . 

12 4 


12 6 

12 8 




14 9 

SedimentaWow rate, mm. pet bt 

1 

46 


23 




43 0 

Routine urine analysis 

Negative 


Negative 






Urine culture. 

Negative 







Negative 

Urinary urobilinogen, mg. per 









100 cc. 








0 8 

Water test (Kepler) 



Normal 

Normal 



Normal 


Urinary chloride, mg. per 100 cc 









(Wilder) 





54 6 




Bleeding time, minutes 






1 5 



Coagulation time, minutes 






3 o; 



N.P.N., mg., 100 cc. of blood 

31 6 

34 7 ' 

1 



1 

i 


Urea N, mg., 100 cc. of blood 


13 7 







Glucose, mg., 100 cc. of blood 


82 3 






79 7 

COs combining power, vol , 









100 cc. of plasma 


44 0 

52 0 






Sodium chloride, mg., 100 cc. of 









blood 

618 0 j 

573 0 


635 0 

1 


638 0 


Potassium, mg., 100 cc of scrum 

17 0 

1 19 2 




21 6 



Sodium, mg., 100 cc of scrum 


307 2 




328 0 

1 

A/G ratio, Gm per 100 cc /Gm. 









per 100 cc 

42/28' 




i 

1 



Cephahn flocculation test 






i 


Negative 

Thymol turbidity, units 





1 



2 0 

Bilirubin, mg., 100 cc. of scrum 








U D 

No 

Bromsulfalein test 



i 





Retention 

Amylase, units, 100 cc. of serum 



1 





46 1 

Cholesterol, mg., 100 cc of plasma 


t 



! 


139 0 

Cholesterol esters mg., 100 cc of 

i 







93 0 

plasma 









Basal metabolic rate 

i 

F 15 

+21 

+46 





Urinary 17-kctostcroids, mg per 








\<> ? 

24 hr. 









Urinarj prolan A (Cutler and 








Owen) . 







j 

Bacterial agglutinations 

! Negative 


j 



1 

Kahn and IVasscrmann tests 

1 

1 



Negative 



Oral glucose tolerance test 

1 

I 

Normal 

I 



1 


could be found. Hepatic and pancreatic islet 
function were apparently intact. The c.xocrine 
function of the pancreas was not investigated 
during this admission. Further study was 
precluded by his insistence on beimt discharged. 


In November, 1947, he had been given a trans- 
fusion of 500 cc. of whole blood daily for seven 
days. This had produced a marked iinproyc- 
ment in his strength and well being whicli 
persisted until two weeks prior to this admission. 
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when he again became weak and dyspneic. He 
also began to develop a rather marked, painless 
diarrhea, which was worse at night and which 
was accompanied by abdominal distention. His 
return at this time was prompted by a desire 
for more blood transfusions which he believed 
were very beneficial. 

The patient now' appeared chronically ill and 
w'as quite emaciated. Oral temperature w'as 
98.6°f., pulse 116, respirations 18, blood pres- 
sure 104/68 and weight 120 pounds. There were 
a few' crepitant rales audible at the base of the 
right lung. The abdomen was slightly pro- 
tuberant and there w'as moderate generalized 
tenderness on deep palpation. The liver and 
spleen w'ere not palpable. The remainder of the 
examination was not remarkable. Laboratory 
data are summarized in Table iv. The chest 
plate showed normal lung fields and a normal 
cardiac shadow. 

Because of a fair blood count he was not given 
a transfusion. He was placed on a high carbo- 
hydrate, high protein, low fat diet fortified w'ith 
a multivitamin preparation. From January 27th 
to February 3rd his temperature rose daily to 
100°F. After that date it fell to 98.6°f., with an 
occasional afternoon rise to 99“f. Because of the 
asthenia suggestive of Addison’s disease the 
Kepler test-^ w'as repeated. Again it was normal. 

The diarrhea was not severe, consisting of tw'o 
or three loose stools daily which w'ere usually 
passed at night. Following administration of 
paregoric the consistency of the stools increased 
and their frequency diminished. A brief course 
of pancreatin therapy failed to affect the diar- 
rhea appreciably. 

He again tired of hospital routine and his 
failure to improve and insisted on going home. 
He W'as discharged on February 17, 1948. 

By this time all classic features of the disease 
were or had been present: loss of weight, weak- 
ness, abdominal pain and distention, diarrhea, 
arthralgia and increased pigmentation of the 
skin. Again no evidence supporting the diagnoses 
of Addison’s disease, hemochromatosis or hyper- 
thyroidism was elicited by the examiners at the 
time of admission or by the authors after review- 
ing the records. The outstanding feature at this 
time was the continued downhill course, with 
progressive loss of weight and strength. 

The patient w'as admitted on June 19, 1948, 
and was observed by one of us (P. J. S.) His 
complaints at this time were progressive weak- 
ne.ss and w'cight loss and failure of his appetite 
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to improve. The diarrhea had recurred almost 
at once following his discharge in February. He 
averaged about twelve stools daily, with no 
associated abdominal distress. For four weeks 
prior to admission the diarrhea had been con- 
tinuous. The stools were w'atery, frothy and very 


Table iv 

COLLECTED LABORATORY DATA, THIRD ADMISSION 



January, 

1948 

February, 

1948 

28 

2 12 

Hemoglobin, Gm., 100 cc. 



of blood 

11.0 


R.B.C., millions, cu. mm. of 



blood 

4.56 


W.B.C. thousands, cu. mm. 



of blood 

11.6 


Hematocrit 

35.0 


Routine urine analysis 

Negative 


Kahn test 

Negative 


N.P.N. mg., 100 cc. of blood 

34.2 


Glucose, mg., 100 cc. of 



blood 

80.0 


Cholesterol, mg., 100 cc. of 



plasma 


119.0 

Cholesterol esters, mg., 100 



cc. of plasma 


76.0 

Serum bilirubin, mg., lOOcc. 



of serum 


0.5 

Phosphorus, mg., 100 cc. of 



serum 


4.0 

Alkaline phosphatase (Bod- 



ansky units) 


4.6 

Amylase, units, 100 cc. of 



serum 


34.0 

Lipase, cc. of N/20 NaOH 



per cc. of serum 


1.1 

Thymol turbidity 


2.0 

Potassium, mg., 100 cc. of 



serum 


20.4 

Urea N, mg., 100 cc. of 



plasma 


12.0 

Sodium chloride, mg., 1 00 cc. 



of plasma 


632.0 

Water test 


Normal 


foul-smelling. He frequently noticed undigested 
food, such as green beans and corn, in the stool. 
The color of the stool varied from gray to 
yellow'-brown. Since February he had lost 16 
pounds in weight and during this time had 
noticed progressive swelling of his ankles and 
legs. This edema show'ed no diurnal variation. 

On physical examination the patient w'as 
markedly cachectic. Oral temperature w'as 
98.6°f., pulse 100, respirations 20, blood pre.s- 
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Table v 

COLLECTED LABORATORY DATA. LAST ADMISSION 



June, 1948 

Jills, 1948 

20 

22 

23 

25 

29 

30 

7 

8 

Hemoglobin, Gm., 100 cc. of 









blood 

12 0 


12.0 






R.B.C., millions, cu. mm. of blood 

3 83 


4 22 






W.B.C., thousands, cu. mm. of 









blood 

7 8 


9 1 






Platelets, thousands, cu. mm. of 









blood 

229.8 








Clotting time, minutes . . 

5 0 








Bleeding time, minutes . 

2 0 








Prothrombin time, seconds 

14 








Mean corpuscular volume, cu. 









micra 


87 







Mean corpuscular hemoglobin. 









micromicrograms 


26 







Color index 


0 83 







Hematocrit 



34 






Routine urine analysis . . 

Negative 








Glucose, mg., 100 cc. of blood 









(fasting) 



1 


1 ; 

50 



N.P.N., mg., 100 cc. of blood 



1 


46 8 



Potassium, mg., 100 cc. of scrum 







15 4 


A/G ratio, Gm. per 100 cc./Gm. 



I 1 






per 100 cc 


1 8/1 7 




2 4/18 



Cephalin flocculation test 



[ Negative 






Thymol turbidity test . 



0 



1 0 

1 0 







Abnormal, 




Butter-choline fat absorption test 





very 




(Popper ct al.) 





deficient 




Bilirubin, mg., 100 cc. of scrum 

0 15 








Cholesterol, mg., 100 cc. 









of plasma. . . . 

86 


1 

1 


72 



Cholesterol esters, mg., 100 cc. of 



1 




plasma 

59 


i 


j 


Kahn and Wassermann tests 

Negative 


, I 




Oral glucose tolerance . . 

1 

i 

1 ' 1 

Abnormal ' 

i 

j 




1 

' 1 1 

low curs’c 1 

1 


Calcium, mg., 100 cc. of scrum 


1 

7 5 

i ! 


Phosphorus, mg., 100 cc. of serum 


1 

2 8 1 

f 

i 

2 3 


Alkaline phosphatase (Bodansky 


1 

i 

1 

units) 





.8 


Vitamin A, micrograms, 100 cc 

1 

j 

1 , 

' 1 


of blood . . 


20 0 1 

! 

1 



Carotene, micrograms, 100 cc. of 

1 



1 


blood j 

I 

0 1 


j 


Weight of “uet” stool, Gm. per 






24 hr.. . 1 


781 0 

) 

145 0 j' 

111 0 

Total stool nitrogen, Gm per > 


1 


t 


24 hr j 


1 


0 99 ' 


Total stool fat, Gm. per 24 hr 


20 87' 



J •? ' 

Stool fattv acids, Gm. per 24 hr ' 


13 81 




Stool neutral fat, Gm. per 24 hr 


7 8 1 




Stool culture 



Negative 


Nctrntivc 

Gastric acidity (free and total) 




Normal 
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sure 96/64 and weight 102 pounds. The skin 
showed a dusky, gray-brown pigmentation. The 
sclerae were not icteric. There was slight atrophy 
of the mucosa of the free margin of the tongue 
but no frank glossitis or stomatitis. A small 
amount of mucopurulent material was adherent 
to the posterior pharyngeal wall. The chest and 
abdomen showed extensive wasting of the super- 
ficial tissues and musculature. The breath 
sounds were accentuated and bronchovesicular 
in character over both lungs. The heart was 
normal. The abdomen was slightly distended, 
somewhat tense and there was slight generalized 
tenderness. The liver, spleen and kidneys w'ere 
not palpable. The fingers show'ed early clubbing. 
The laboratory data are summarized in Table v. 

X-rays of the chest Avere negative. Gastro- 
intestinal films sho\ved hypermotility of the 
stomach and a small bowel pattern considered 
characteristic of chronic nutritional deficiency. 
There was segmentation of the intestinal loops, 
coarsening of the mucosal pattern and a tend- 
ency of the barium to puddle. (Fig. 1.) The 
gallbladder readily concentrated the radiopaque 
dye. 

At the time of admission the patient w’as 
passing about tw'elve mushy, gray-tan stools 
daily. They w'ere frothy, foul-smelling, bulky 
and contained gross particles of undigested food. 
He was placed on a high carbohydrate (low^ in 
polysaccharide content), high protein, low fat 
diet. Other therapy given included brewers’ 
yeast, multivitamins, parenteral vitamin B com- 
plex, vitamin K, crude and refined liver extract, 
folic acid, pancreatin, and daily blood and 
plasma transfusions. The number of stools 
diminished somewhat, as did the total bulk of 
feces, but the character of the excreta remained 
unchanged. Because of the low serum vitamin A 
level 75,000 units of vitamin A were given daily. 

His nutritional state continued to deteriorate 
despite all therapeutic efforts. His daily food 
intake varied from 300 to 1,900 calories. Intra- 
venous alimentation was difficult because of his 
tendency to develop pulmonary edema after 
receiving small quantities of fluids. The pitting 
edema of the legs resisted all efforts at treatment, 
including mercurial diuretics. 

On July 8th he passed a large amount of dark, 
red blood via the rectum. He was given 1,000 
cc. of w'hole blood. Two days later he expired 
suddenly, having remained conscious until an 
hour before his death. 

During the last admission the patient w'as 
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Fig. 1. X-ray of small bowel showing an early stage of 
disordered motor function due to nutritional deficiency. 
Note coarsening of mucosal pattern and dilatation of 
intestinal loops. An early moulage sign is seen. 

studied from two standpoints, one diagnostic, 
and the other nutritional. Although the stools 
appeared to contain an excessive amount of fat 
clinically, this w'as not conclusively established. 
Fecal fat content, both normal and pathologic, 
is measured in percentage of the dried twenty- 
four-hour fecal output.^" In this case the stools 
were weighed in the fresh "wet” state, and the 
fat fractions were extracted without previously 
dehydrating the specimen. Thus Fowweather’s 
first criterion could not be applied to these data, 
and it cannot be definitely stated that a relative 
increase in total fat content of the feces existed. 
How'ever, the quantities of neutral fat and fatty 
acid were accurately assayed and on tw^o occa- 
sions these values were within normal limits. 
(Table v.) 

Despite the difficulty in evaluating laboratory 
data the patient was clinically considered to 
have steatorrhea. Four conditions were con- 
sidered in the differential diagnosis: biliary 
tract disease, pancreatic insufficiency, idiopathic 
steatorrhea and tuberculous mesenteric adenitis. 

Normal visualization of the gallbladder, 
absence of jaundice and presence of urobilinogen 
in the urine established the normalcy of the 
biliary tract. Pancreatic steatorrhea was ruled 
out by the preponderance of hydrolyzed fat 
in the stool, absence of azotorrhea and lack of 
response to oral pancreatic extract. 

Idiopathic steatorrhea was next considered. 
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In addition to the wasting, asthenia, diarrhea 
and skin pigmentation, the following points of 
similarity were found when our data were com- 
pared wth the criteria tabulated by Bockus:-' 
(1) homogeneous greasy stool; (2) about 35 per 
cent of fecal fat excreted as neutral fat and 65 
per cent as fatty acids and soap; (3) excretion of 
nitrogen in the stool less than 3.5 Gm. for a 
twenty-four-hour period; (4) fasting hypogly- 
cemia; (5) a flat, oral glucose tolerance curve; 
(6) evidence of low blood lipids and low fat 
tolerance; (7) low blood cholesterol; (8) low 
serum calcium; (9) elevated basal metabolic 
rate (on previous admission, not checked before 
death); (10) anemia and (11) low plasma 
proteins. 

There were, however, some important links 
missing from the chain of evidence. The most 
obvious deficiency was the absence of macro- 
cytic hyperchromic anemia. It is known that 
the anemia associated with idiopathic steator- 
rhea may var)’’ from simple hypochromic anemia 
in the early stages and during periods of remis- 
sion to one indistinguishable from pernicious 
anemia in the later advanced stages of the 
disease.-® Furthermore, it has been shown that 
when the anemia is in a macrocytic hyper- 
chromic phase parenteral administration of liver 
extract may be followed by a fall in the color 
index to a value less than unity. The anemia 
then responds to iron therapy exactly like any 
secondar)*^ anemia due to iron deficiency.-® 
Since our patient was in an advanced stage of 
the illness, the absence of hyperchromia and 
macrocytosis was difficult to explain. 

The essential normality of the mucous mem- 
branes of the mouth and tongue was the second 
discordant factor. One of the most characteristic 
features of the sprue syndrome is the appearance 
of crops of vesicles on the tongue and lining 
of the cheek, which later rupture and form 
painful aphthous ulcers. With the exception of 
minimal atrophy of the papillae along the 
margin of the tongue, there was no evidence of 
recent or old stomatitis or glossitis in our patient. 

Because of these discrepancies in the clinical 
picture a clear cut diagnosis of idiopathic 
steatorrhea could not be made. The possibility 
of tuberculous mesenteric adenitis was not con- 
sidered seriously because the patient was not 
to.xic, the lungs were free of disease and the bulk 
of evidence was in favor of some defect of 
intestinal absorption. 

As a secondaiA- problem the paihophysiolottic 


basis of the patient's poor nutritional state was 
investigated. Attention was focused on the 
capacity of the bowel to digest and absorb fat. 
Recently it has been shown by Popper ct a!.-‘ 
that when a standard amount of fat and lipo- 
tropic substance (e.g., butter and choline) arc 
ingested the subsequent rise of serum thymol 
turbidity is an accurate index of the intestinal 
ability to absorb fat. The normal individual 
will show a rise in thymol turbidity of 200 to 
400 per cent over the fasting level. Using this 
test we found that the thymol turbidity test, 
both before and after ingestion of the butter- 
choline mixture, was consistently negative (i.c., 
there was no detectable turbidity in the solu- 
tion). This was interpreted as indicating that 
little if any fat was being absorbed from the 
bowel. When rcchecked the next day the tiiymoi 
turbidity was 1.0 units, tending to corroborate 
the low values previously obtained. The de- 
ficiency of intestinal fat absorption was also 
manifested by tlie low scrum calcium and by the 
low serum vitamin A level which on one occa- 
sion was 19.5 micromicrograms (10.9 micro- 
micrograms as ester, 8.6 micromicrograms as 
the alcohol). 

A similar defect in carbohydrate absorption 
was evidenced by the low flat curs'c obtained 
uith the oral glucose tolerance test. 

It was concluded that the patient was suffer- 
ing from an obscure metabolic defect, char- 
acterized by decreased absorptis’c efficiency of 
the intestinal tract, closely resembling idiopathic 
steatorrhea. Further studies were interrupted by 
the patient's death. 

AUTOPSY FINDINGS 

At autopsy the essential findings were confined 
to the abdomen. There were 1,500 cc. of straw- 
colored fluid in the peritoneal cavity. The small 
intestine was rather opaque and homogeneous 
grayish yellow in color. There was no suggestion 
of a lacteal pattern grossly, but the intestinal 
wall was grossly infiltrated to about three times 
normal thickness. This thickening was diffuse 
and uniform and involved all of the small 
bowel. On opening the bowel there was a 
moderate amount of dark bloody fluid along its 
entire course. The mucosal folds were somewhat 
thickened and prominent but showed sym- 
metrical arrangement. There were .scattered 
petechial hemorrhages in the mucosa, more 
profirsc in the distal two-thirds of the ileum, 
where they became confluent and gave a rliffim' 
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hemorrhagic appearance to large areas. There 
were no gross ulcerations anywhere in the 
gastrointestinal tract. The hemorrhagic char- 
acter of the intestinal mucosa ended abruptly 
at the ileocecal valve. The esophagus, stomach 
and colon were entirely normal. 

The most conspicuous abnormality was found 
in the mesentery of the small bowel. (Fig. 2.) 
There were numerous pinkish-gray lymph nodes 
measuring up to 3 cm. in their greatest diameter. 
They were sometimes separate, more often 
adherent to several others. These masses of 
nodes, although apparently confluent, showed 
no actual fusion as the individual nodes were 
well demarcated on cut section. The general 
contour of the nodes was symmetrical, their 
enlargement being concentric. The cut surface 
of all the nodes showed a finely honeycombed, 
spongy appearance. The spaces contained an 
amber, clear, liquid greasy material which 
could easily be expressed. 

The thickening of the mesentery was found 
to be due to the extensive adenopathy and not 
to any intrinsic infiltration. Similar lymph node 
enlargement was also found at the origin of the 
coeliac axis artery and among the pre-aortic 
nodes. The peribronchial, mediastinal and 
superficial lymph nodes were not involved. The 
other abdominal and thoracic viscera and the 
endocrine glands were grossly normal. 

Microscopic sections taken from the duo- 
denum, jejunum and ileum showed uniform 
involvement which was characterized by a 
heavy infiltration of the mucosa with foam cells. 
These mononuclear macrophages were arranged 
in dense sheets, filling in particular the villi, 
which were thick, club-like and top heavy. 
(Fig. 3.) 

The stroma of the mucosa contained numer- 
ous, large, empty vacuoles measuring from fifty 
to several hundred micra in diameter. The 
cellular infiltration and the vacuolization had 
greatly distorted the normal mucosal pattern. 
The submucosa was also thickened and con- 
tained many ovoid and elongated channels, 
some of which were lined by endothelial cells 
while the ^valls of others apparently consisted 
only of a condensation of the connective tissue 
stroma. Frozen sections stained with Sudan iv 
revealed that the small droplets in the cytoplasm 
of the foam cells readily took the fat stain. The 
large vacuoles in the submucosa everywhere 
contained a homogeneous material ^vhich also 
stained brilliantly with Sudan iv. (Fig. 4.) 
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Fig. 2. Ivlesentery of small bowel demonstrating extensive 
lymphadenopathy. 

The muscular coat of the bowel showed no 
hypertrophy. The serosa was slightly swollen 
and contained scattered round cells. Occasion- 
ally, dilated lymph channels were seen in the 
subserosa but they were much less prominent 
than in the submucosa. Neither inflammatory 
exudate nor giant cells could be found in the 
various layers of the bowel wall. 

The mesenteric nodes universally presented 
similar changes. The honeycomb effect pro- 
duced by the vacuoles was even more promi- 
nent microscopically than grossly. Everywhere 
throughout the nodes were ovoid spaces of 
varied size. They appeared to be lined with a 
single layer of endothelial cells. The paren- 
chyma of the nodes was greatly reduced in 
amount, being compressed into irregular strands 
and trabeculae between the dilated spaces. 
The architecture was completely obscured. 
Rarely, a lymph follicle could be delineated. 
The irregular columns of parenchymal tissue 
consisted of a haphazard mixture of reticulo- 
endothelial cells, scattered lymphocytes, islands 
of foam cells similar to those in the intestinal 
mucosa, a few neutrophiles and a scanty con- 
nective tissue framework. Occasional giant cells 
were found, sometimes lying in the lumina of 
the vacuoles but usually in the subjacent stroma 
forming the wall of the space. (Fig. 5a.) These 
cells contained from three to ten nuclei which 
were uniform in size and scattered throughout 
the cytoplasm. The honeycombing of the paren- 
chyma with lipid-containing vacuoles was uni- 
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Fig. 3. Intestinal mucosa showing thickening of the villi and compression of stroma by mononuclear 
foam cells and large vacuoles. 

Fic. 4. Small bowel; the distended lymphatics and vacuole-like spaces contain material staining deep 
orange with Sudan iv. 

Fig. 5. lymph node; foreign body giant-cell reaction at the margin of a large vacuole, ii, the many 
vacuoles in the nodes, as in the intestinal mucosa, contain material staining an intense orange with 
Sudan tv. 

form in all nodes but the relative frequency of 
(he giant cells varied from node to node. 

Frozen sections stained with Sudan iv showed 
that all the spaces contained a homogeneous 
substance which stained an intense oranEte. 

(Fig. 5n.) The connective ti.ssue capsule of the 
various nodes showed marked fibrous thick- 
ening and contained many dilated lymph 
channels. 

The re.st of the gastrointestinal tract, liver. 
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spleen, pancreas, kidneys, adrenals, thyroid, 
prostate and lungs were microscopically normal. 
The myocardium showed areas of brown atrophy 
characterized by collections of golden brown 
pigment granules at the poles of the nuclei 
The staining quality of these granules with 
•Sudan iv was poor and inconsistent. 

The pathologic diagnoses were malnutrition, 
a.scites (non-chylous), brown atrophy of the 
heart and intestinal lipodystrophy. 
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CONCLUSIONS 

A case of intestinal lipodystrophy is 
presented. The syndrome should be 
considered in the differential diagnosis of 
protracted diarrhea, especially when the 
patient is a male in middle life. The diag- 
nosis can only be presumptive before death 
unless adequate surgical biopsies are done 
at laparotomy. 

This case sheds no light on the etiology of 
intestinal lipodystrophy but demonstrates 
the importance of poor intestinal absorption 
in producing the final cachectic phase. 
Intestinal lipodystrophy may closely simu- 
late clinically most of the features of 
idiopathic steatorrhea. 
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Thrombocytopenic Purpura Complicating 
Radioactive Phosphorus Treatment in a 
Patient with Polycythemia Vera* 

Gould A. Andrews, m.d. 

Ann Arbor, Michigan 

B ecause of the rapidly increasing use lowest platelet counts ranging from 29,000 
of radioactive elements in the treat- to 86,000 per cu. mm. The maximal 

ment of disease, possible undesirable dcpre.ssion of platelet values occurred in one 

effects of these materials are of considerable to two months after the medication was 

importance. The present report concerns a given. There was no clinical purpura except 
patient with polycythemia vera who de- for the occurrence of pctcchiac on the lower 
velopcd thrombocytopenic purpura asso- extremities in these patients, 
ciated with striking morphologic changes Hcmpelman, Rcinhard, Moore, Bicr- 

in the megakaryocytes after treatment with baum and Moore- reported a group of one 
radioactive phosphorus. hundred patients with various hematologic 

It has been clearly established that P*- disorders who were treated with radioactive 

given internally in therapeutic doses is phosphorus. Some of the thrombocytopenia 

capable of depressing all of the major noted may have been a part of the original 

hemopoietic elements of the marrow with disease rather than a result of treatment, 

corresponding changes in the peripheral but the authors believed that the P’- con- 

blood. Following a therapeutic dose the tributed to a significant fall in platelets in 

white blood cells and platelets may be forty-four patients. Among eighteen patients 

depressed quite promptly within the first with polycythemia vera there were two in 

six weeks; the leukopenia is usually maximal whom the platelet counts fell to below 

somewhat before the thrombocytopenia. 100,000 per cu. mm., and one in whom the 

Decrease in the red blood cells is more value \vas below 50,000 per cu. mm. One 

delayed and usually is not noted until the fifty-nine year old woman with poly- 

white cells and platelets have begun to cythemia vera was given 7.56 me. of 

return toward normal. The sequence of radioactive phosphorus orally and about 
changes in the blood is presumably related one month later developed a platelet count 

to the normal rate of maturation and length as low as 29,000 per cu. mm. At this time 

of suiA'ival of the different formed elements. the patient had pctcchiac on the lower ex- 

Sevcral reports indicate that in some ircmitics hut no other purpuric manifesta- 

instanccs thrombocytopenia may be the tions. There was spontaneous reco\'ery from 

most important undesirable effect of radio- this episode of thrombocytopenia, 
active pliosphorus therapy. Hall, Watkins, 

Hargraves and Giffin' reported the cases of case report 

twelve patients with polycythemia vera The patient, E. R., was a sixty-.seven year old, 
treated with P^- and noted significant white, married woman wlio was referred to the 

thrombocytopenia in four patients, the Simpson Memorial Institute in .May, 1947. .She 

• From the Thomas Henrs' Sinifi'on Xfcmorial Institute for Medical Rcsc.ireh, Lniversity of .Michitr.m, Ann Arlxir. 

Mich. 
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gave a history of loss of strength and decrease 
in weight which had begun about two years 
previously. At about the same time she had 
noticed varicose veins of her lower exti'emities 
and these had been treated by injection and 
ligation. About a year after the onset of these 
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cell count and hemoglobin remained definitely 
elevated . 

When the patient was examined in May, 
1947, she showed evidence of weight loss and 
there was distinct cyanosis of the skin and 
mucous membranes. Retinal veins were greatly 


Table i 


HEMATOLOGIC CHANGES FOLLOWING TREATMENT WITH RADIOACTIVE PHOSPHORUS 


Date 

Red 

Cells 

(million) 

Hemo- 

globin 

(Gm.) 

Hemato- 

crit 

(percent) 

Plate- 

lets 

1 

White 

Cells 

j 

i 

Neutro- 

philes 



1 

Eosino- 
philes 1 

Baso- 

philcs 

May 13, 1947. . . . 

8.9 

17.5 

66 

115,000 

14,900 

69 

11 

19 

1 

0 

Phlebotomy 
May 28, 1947. .. . 

7.1 

16.8 

62 

117,000 

13,300 

71 

17 

11 

0 

1 

8.4 me. 




Below 






i 

1 

July 9, 1947 

6.8 

15.5 

54 

5,000 

Below 

7,250 

70 

20 

9 

1 

0 

July 23, 1947 

5.1 

11 .0 

42 

5,000 

4,100 

30 

47* 

20 

3 

0 

August 5, 1947 . . . 

4.5 

11.0 

36 

23,000 

2,450 

34 

54 

12 

0 

0 

December 2, 1947 

mSm 

15.9 

44 

55,000 

6,400 

60 

28 

12 

0 

0 

March 5, 1948 . . . 

B 

13.3 

41.5 

44,000 

7,450 

62 

29 

i 

9 

0 

0 


* A few “irritation” lymphocytes were noted on this day. 


symptoms she became more seriously ill with 
dizziness, anorexia and shortness of breath on 
exertion. At that time it was first noted that her 
eyes were becoming injected and her lips were 
a dusky purple. Three or four months later, in 
November, 1946, it was found that her spleen 
was enlarged and that the blood picture was 
that of polycythemia. Several phlebotomies were 
performed. Early in 1947 the patient suddenly 
lost consciousness while descending her cellar 
stairs, fell and suffered a laceration of her fore- 
head. Following this accident there was paraly- 
sis of the right lower extremity and a diagnosis 
of cerebrovascular accident was made. There 
was quite a prompt recovery from the paralysis 
and the patient was started on a course of x-ray 
therapy by her local physician, using 200 kv. 
irradiation with added filtration of 0.5 mm. 
Cu and 1.0 mm. Al, 50 cm. target skin distance. 
Between January 8th and January 27, 1947, she 
received 30r in air to one field per day, to a 
total of 60r to each of four fields over the an- 
terior and posterior trunk. Between February 
18th and February 26, 1947, she was given 200r 
to each of six small fields over the spine, sternum 
and extremities. 

The irradiation treatment was followed by 
some improvement in symptoms and partial 
correction of the blood values but the red blood 
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dilated and of a deep red color. The blood pres- 
sure was 156/92. The liver border was felt just 
below the right costal margin and the spleen 
extended 3 cm. below the left rib margin on 
inspiration. There were varicose veins of the 
lower extremities and stasic dermatitis was 
present. Chest x-ray was normal except for 
pleural scarring and calcified nodes. The urine 
contained a 1 + albumin but was otherwise 
normal. 

On the basis of the clinical findings and the 
blood values the diagnosis of polycythemia vera 
was confirmed. (Table i and Fig. 1.) Phlebotomy 
was done on May 13, 1947, and the patient was 
asked to return on May 28th, at which time she 
was given approximately 8.4 me. of radioactive 
phosphorus intravenously and was allowed to 
return to her home. About five weeks later the 
patient’s personal physician called and said 
that the patient “looked as if she had been in an 
automobile accident” with extensive ecchymoses 
and purpuric lesions. She was hospitalized on 
July 9, 1947, at the Simpson Memorial Institute 
and stated that she had apparently been im- 
proving until late in June when she had noted 
tiny red blotches on her lower extremities 
followed in a few days by the spontaneous ap- 
pearance of large bruises. She also noted the 
onset of almost continuous gradual bleeding 
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from her nose. Examination showed ver\’ ex- 
tensive petechiae and large ecchymoscs. the 
latter being largely limited to the extremities 
There were mnltiple aicas of oo/ing from the 
mucous membranes of both sides of the nose. 
The remainder of the examination was essen- 



Tig 1 . Graphic representation of hematologic changes. 


tially as it had been two months earlier except 
for some decrease in the general er^’thema. 

Blood studies showed some fall in red cell 
values and a distinct decrease in the white cell 
count. Platelets were almost absent. Clotting 
time (Lec-^Vhite) was five minutes; bleeding 
time (Duke) was prolonged (more 

than twenty minutes). There w-as no clot 
retraction in three hours. The tourniquet test 
was strongly positive. Sternal puncture w'as 
done. There was a cellular marrow with de- 
veloping cr)'throcyte and granulocyte forms 
present in normal ratio showing essentially 
normal distribution of various stages of ma- 
turity. Developing eosinophilcs were fairly 
prominent. Granulocytic forms showed slight 
vacuolation but no pronounced basophilic 
granulation of the cytoplasm. Plasma cells were 
relatively increased in number and included 
some large multinucleatcd forms. Mcgakar>-o- 
cytes were present in approximately normal 
numbers but practically all of them showed 
striking morphologic changes They were ex- 
tremely variable and some could be identified 
as megakars ocytes only because there were 
transitional forms between these extremely 
birarre structures and mcgakars-ocytes of un- 
equivocal identity. In many the cytoplasm ap- 
peared to be fragile, projecting out in long 
formless wisps. In some it appeared more dense, 
with multiple vacuoles and in some it was a 
distinct, well formed mesbwork. Theie were 


some condensations in the cytoplasm which 
may have represented abnormal matui-ation of 
large platelet forms The nuclei of the mega- 
kar^'oeytes lacked lobulation but theie were 
frequently two or moie nuclei pet cell. The 
chromatin tended to foim a coaixe. loose 
pattern in many of these nuclei. (Pigs. 2 to 4.) 

The patient was kept at bed rest and gi\cn 
repeated doses of from 100 to 250 cc. of blood 
plasma intravenously. Thcic appealed to be 
some temporary' impiovemcnt in the nasal 
bleeding with each injection of plasma. It was 
thought that loss of blood from the nose was 
sufficient to contribute significantly to the fait 
in red cell values. No transfusions of wiiole 
blood were given. Theie were lepeatcd ciops 
of petechiae with a gencial tendency toward a 
diminution in number. Over a pciiod of three 
weeks there was gradual decrease in the ecchy- 
moscs while the nasal oozing became intermit- 
tent and finally stopped. The patient returned 
home on August 7, 1947, Site was seen again 
three weeks later when she appeared to be 
getting along well; thcic weic no puipuric 
manifestations. However, the tourniquet test 
was still positive in model ate dcgiee. 

On December 2. 1947, the patient was again 
seen for follow-up. She was feeling entirely well, 
with good general strength. The spleen was not 
palpable. There were no purpuric manifesta- 
tions but the tourniquet test showed slight 
residual increased capillar^' fragility. Clotting 
time was seven minutes. Bleeding time five and 
one-half minutes. Clot retraction was good in 
one hour. Sternal puncture was repeated and 
again showed a cellular marrow with normalK 
developing cr^'throcyte and gianulocvte ele- 
ments. The proportion of developing eixnhro- 
cytes to granulocytes was approximately 1-2. 
Megakar^’oeytes were present in at least normal 
numbers Although a minority of these showed 
the unusual morphologs seen in the first marrow 
study, most were essentially normal Manv of 
them appeared rather voting and had a rela- 
tively small amount of cytoplasm Onlv larely 
was definite evidence of platelet maturation 
noted in the cytoplasm. (I'lg 5 ) 

The most recent out-patient \isit was made on 
March 5. 1948. The patient had been feeling 
ver>’ well but had had a recurrence of petechiae 
over the upper extremities late in I’chruar) 
when she had been \er>' actise doing house 
cleaning. These pettchiac had cleared spon- 
tancotisK The examination was otherwise the 
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Fig. 2. Photomicrograph of sternal marrow obtained during acute purpuric episode and showing two 
very abnormal cells believed to be megakaryocytes. 

Figs. 3 and 4. Atypical megakaryocytes from the same sternal puncture. 

Fig. 5. From material obtained eight months later, after platelets had increased. This shows a rela- 
tively normal megakaryocyte. 


same as in December, 1947. The tourniquet test 
was slightly less positive than it had been at that 
time. 

The blood values shown in Table i were 
determined by standard methods. Platelets were 
counted on carefully spread blood films prepared 
on cover slips previously spread with cresyl blue 
and later stained with Wright’s stain. The 
platelet values were determined by counting the 
number of platelets seen per 1,000 red cells and 
calculating the total on the basis of simul- 
taneously done red counts. During the recovery 
phase many of the platelets were very large. 

COMMENTS 

This patient had typical polycythemia 
vera but even before treatment was given 
the platelets were somewhat below the 
average normal values and distinctly below 
the increased levels usually present in poly- 
cythemia vera. X-ray therapy which had 
been given about four months before the 
undoubtedly had some depressing effect 
upon the bone marrow and may have been, 
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in part, the cause for the mild thrombo- 
cytopenia which was present when the 
patient was first seen by us. However, there 
had been enough time for manifestation of 
the maximal effect of this x-ray therapy 
before the radioactive phosphorus was 
given. This dosage of radioactive phosphorus 
had not been found excessive in other pa- 
tients with the same disease. It is believed 
that the profound thrombocytopenia which 
developed in this patient was an exaggera- 
tion of the usual decrease in platelets 
caused by treatment. Probably the 
severity of the thrombocytopenia was con- 
ditioned by a pre-existing tendency toward 
inadequacy of platelet formation which had 
not been clinically apparent. There are 
undoubtedly other factors which influence 
individual variations in response. 

The experience with this patient as well 
as the course of other patients treated by 
us suggests that individuals who have low 
platelet counts before therapy are more 
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likely to suffer severe thrombocytopenia 
after P'*- is given than arc those who have 
normal or high platelet counts at the outset. 
Thus it would appear that this form of 
treatment should be used with caution, if 
at all, in patients with decreased platelets. 

/Mthough the number is limited, all re- 
ported patients with this complication of 
radioactive phosphorus treatment have made 
spontaneous recoveries from thrombocyto- 
penia unless the underlying blood disorder 
contributed to a fatal outcome. However, 
there seems little doubt that fatal hemor- 
rhage might result from radioactive phos- 
phorus alone if the dose were really excessive. 

The striking morphologic changes noted 
in the megakaryocytes of the marrow dur- 
ing the purpura were probably a result of 
the radioactive phosphorus. It is unfortu- 
nate that no pretreatment sternal puncture 
was done. If the megakaryocyte changes 
had been shown to be absent before treat- 
ment. this would lend support to the 
supposition that they were due to the P*-. 
There is little doubt, however, that the 
abnormality of the megakaryocytes was 
associated with the thrombocytopenia and 
the latter occurred at about the same length 
of time after treatment as in other reported 
cases of purpura induced by radioactive 
phosphorus. If further experience shows 
that these megakaryocyte changes arc 
characteristic in irradiation-induced throm- 
bocytopenia, they may be of considerable 
interest and occasionally may be of value 
in diagnosis. The morphology- of these 
mciiakarvocvtcs is entirelv different from 


that seen in idiopathic thrombocytopenic 
purpura. 

There is no established treatment for this 
type of irradiation-induced purpura. Our 
patient was given rest, plasma and symp- 
tomatic measures. Blood transfusions would 
undoubtedly be helpful in combating anemia 
and might cause temporary improvement 
in capillary permeability. Artifically in- 
duced phosphorus diuresis might increase 
the c.xcrction of the radioactive, material 
but would probably be of little practical 
value after the onset of purpura. In view of 
the bone marrow picture and the lack of 
evidence indicating that the spleen plays a 
role in this type of thrombocytopenia it is 
doubtful that splenectomy would be of 
value. 

SUM.M.MIV 

A patient svho had polycythemia vera 
was given radioactive phosphorus and 
developed severe thrombocytopenic pur- 
pura associated with prominent changes in 
the appearance of the megakaryocytes. 

It is suggested that radioactive phos- 
phorus should be used with caution es- 
pecially in patients who already have 
thrombocytopenia. 
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Foreword 


D iabetes mellitus, for good reasons, 
has attracted the attention of out- 
standing investigators in many fields 
of medicine. In the first place, this disease 
is a health hazard of major significance. 
Data on the incidence of the disease have 
been published but for the most part are 
difficult to assess. A reasonable estimate, 
however, is that the population of the United 
States includes not less than 1,000,000 dia- 
betic persons, and many have believed that 
the incidence of the disease has increased 
in recent years and may still be increasing. 

For a long period we have kept a sepa- 
rate yearly count of the new cases of dia- 
betes seen at the Mayo Clinic, and of the 
return patients treated for diabetes at some 
previous time in the clinic. We have related 
the number of new cases of diabetes year 
by year to the total number of new patients 
who registered for examination in the clinic 
in the corresponding years, arriving thus 
at a new case rate index. Admittedly, this index 
is not the literal equivalent of the incidence 
of the disease in, or the case rate of, the 
population. The latter could be obtained 
only if all cases of diabetes were detected 
and their number divided by the population, 
which up to now has not been possible. 
However, the index can be accepted as a 
reasonable barometer of changes in the case 
rate of the population because any impor- 
tant increase or decrease in the incidence 
of diabetes in any given year in the popula- 
tion from which are drawn the patients of 
the clinic very likely would be reflected in a 
corresponding change in the incidence of 
new diabetic patients coming to the clinic. 


With this thought in mind, changes in the 
new case rate index over the years are 
worthy of notice. The index in 1920 was 
0.62 per cent; it was 1.05 per cent in 1925; 
1.24 per cent in 1930; 1.60 per cent in 1935 
and 2 per cent in 1941. Since 1941 it has 
remained in the neighborhood of 2 per cent. 
In 1948 there were 1,375 new diabetic 
patients; of this number 329 had been seen 
in the clinic in earlier years but had not 
given evidence of diabetes at previous 
examinations. Of interest is the fact that the 
disease in 50.2 per cent of these new patients 
was severe enough to necessitate the use of 
insulin. Also of some significance is the fact 
that for every five new patients who knew 
they had diabetes when they came to the 
clinic, another instance of diabetes was 
discovered among patients in the clinic who 
when they registered had not suspected that 
they had diabetes. 

The increase between 1920 and 1941 in 
the new case rate index for diabetes in the 
Mayo Clinic is not to be explained by the 
discovery of insulin in 1920 and the conse- 
quent increasing interest in the detection of 
diabetes. Relatively few of the patients who 
come to the clinic do so because of diabetes, 
and the reliability of the detection of dia- 
betes in the clinic has not changed since 
1920. For every patient registering since 
that year, and before, urinalysis has been 
performed and, with few exceptions, when 
glycosuria has been detected the level of 
blood sugar has been determined; a fasting- 
blood sugar determination first and when 
uncertainty remained, a glucose tolerance 
test. The figures I have quoted relate only 
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to new patients for whom a diagnosis of 
diabetes mcllitus was based on the finding 
of abnormally high blood sugar levels; 
therefore, from the data given the inference 
is clear that in the population from which 
the patients of tlic clinic arc drawn the 
incidence of diabetes between 1920 and 
1941 was multiplied by three or more, also 
that since 1941 there has been no further 
increase. The stabilization of the new case 
rate index since 1941 is reassuring; never- 
theless, the incidence of diabetes obviously 
is of such magnitude as to call for major 
efforts in detecting the disease and in its 
treatment. 

Another reason for the widespread inter- 
est in diabetes mellitus is that this disease 
affords unusual opportunities for study of 
the machinery of metabolism. It opens a 
door, so to speak, and thereby provides a 
view of what is going on inside. Dextro- 
rotatory glucose appears in the urine. The 
explanation came with von Mchring’s and 
Minkow.ski’s discovery in 1889 that ablation 
of the pancreas provoked diabetes. The 
interest thus aroused culminated in the 
separation of insulin from the pancreas by 
Banting and Best in 1920, and in the dis- 
covery by them of the usefulness of insulin 
in the treatment of experimental pancreatic 
diabetes and the diabetes mcllitus of man. 

Failure to utilize D-glucose, when the 
failure is severe, leads to accumulation in 
the body of accto-acctic acid, hydroxy- 
butyric acid and acetone. .An alkali deficit 
results from this accumulation of organic 
acids. .Study of the chemical disturbances 
which bring all this about has thrown some 
light on the normal metabolism of fats and 
proteins, and the long scries of investigations 
of diabetic acidosis, initiated by Hallcr- 
vorden. .Stadelmann and Minkowski, stu- 
dents of Naunyn in Konigsberg. Germany, 
in the ISSO'.s. has resulted in the ever 
growing body of knowledge about this most 
immediate hazard of diabetes mellitus. 


Finally, in more recent years some under- 
standing has been gained of the parts 
played in the metabolism of carbohydrate 
by the pituitary and adrenal glands. 7'his 
stems mainly from Houssay's and Biasotti's 
brilliant finding in 1930 that pancreatic 
diabetes could be modified profoundly by 
ablation of the pituitary gland. Most re- 
cently additional advance has been pro- 
moted through the isolation in relatively 
pure form of many of the hormones of the 
anterior lobe of the pituitary body and of 
the cortex of the adrenal gland. 

In the symposium on diabetes mcllitus 
which follows we arc indebted to Dr. Stetten 
for a clear interpretation of current views 
about the fate of D-gluco.se in metabolism; 
to Dr. Haist for reviewing the contributions 
to knowledge of diabetes mcllitus which 
have come from experimental diabetes; to 
Dr. Balfour and Dr. Sprague for clinical 
reports of cases of human diabetes in which 
endocrine glands other than the pancreatic 
islands were importantly involved; to Dr. 
White for sharing with us her large experi- 
ence with the problem of pregnancy in 
diabetes; to Dr. Barach for his views on 
what now appears to be the major threat 
in diabetes, premature sclerosis of the 
vascular tree; to Dr. Wilder, Jr., for reflec- 
tions on the problem presented to the non- 
specialists in diabetes who must assume 
responsibility for the care of a large proj^or- 
tion of the cliabctic population; and finally 
to Dr. Guest for a discussion of procedures 
currently' employed in treating diaitetic 
acidosis. 

The subjects covered in these papers are 
in fields which at present arc undergoing 
energetic cultivation. The material, much 
of it at least, is not as y'ct in textbooks. 1 he 
purpose back of this symposium is to bring 
us up to date in tbc.se several major aspects 
of diabetes mcllitus. 

Ru.S,SEl.t. M. Wn.DER, M.D. 
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Symposium on Diabetes Mellitus 


Carbohydrate Metabolism* 

DeWitt Stetten, Jr., m.d. 

New York, New York 


ENERGY CONSIDERATIONS 

M any of the individual processes 
which, when taken together com- 
prise the normal body economy, 
when considered as isolated systems prove 
to be endergonic, that is, energy-consuming 
processes, incapable of continued operation 
unless the needed energy is supplied in one 
or another fashion. By way of preface to a 
discussion of the role of carbohydrates in 
the total mammalian metabolism it may 
be well to tabulate some of these endergonic 
processes in order that insight may be 
gained into the disposition of the relatively 
enormous amounts of energy that the 
normal organism derives from the break- 
down of carbohydrates each day: {a) the 
maintenance of body temperature at a level 
in general above that of the environment, 
{b) the performance of mechanical work, 
both voluntary and involuntary, incident 
to muscle contraction, (c) the initiation and 
transmission of neural impulses, {d) the 
secretion or reabsorption of tissue and blood 
constituents, often against a concentration 
gradient, and {e) the continuous regenera- 
tion of the large molecules of protein, poly- 
saccharide and fat, which make up the 
major portion of the organic components of 
protoplasm, for the synthesis of which not 
only the small building stones but also a 
supply of energy is needed. 

These and other processes are continu- 
ously consuming energy, and this energy 
deficit must ultimately be met by the 
caloric supply of the diet if the organism is 
to remain in balance. The incidental energy 
requirements of growth, pregnancy, lacta- 
tion, tissue repair and wound healing must 


also be derived from this source, and in view 
of the fact that in a perfectly normal dietary 
well over half of the calories of the diet may 
appear in the form of carbohydrate, it is of 
obvious importance to understand what 
little is known of the means whereby the 
energy, made available to the organism by 
the breakdown of carbohydrate, is delivered 
to these various energy-consuming processes. 

The primitive idea that sugar is burned 
in the animal body as it might be burned 
in a furnace and that the heat liberated 
thereby is the source of energy for muscle 
work has long been recognized as unten- 
able. The efficiency of the transfer of 
usable energy through the mode of heat is 

. . , , . . temperature difference 

limited by the fraction — 

absolute temperature 


and such processes become efficient only 
when a large temperature difiference can 
be achieved. Thus, at body temperature, 
assuming a thermal difference of 10°c 
to occur, no more than one thirtieth of the 
energy liberated by the combustion of sugar 
would be available for the performance of 
useful work. Yet isolated muscle has been 
shown to operate on a nutrient of glucose 
with vastly greater efficiency than 3 per 
cent despite the fact that no significant 
thermal differences within the muscle have 
been shown to occur. From this it follows 
that a large portion of the energy liberated 
by the breakdown of glucose in the mam- 
malian ceil must be delivered to systems 
capable of accepting energy and trans- 
forming it into useful work without the 
intervention of the energy-mode of heat. 
Recognition of this fact gave rise to the con- 
cept of "energy-linked processes” wherein 
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the energy released by one reaction is im- 
mediately accepted and utilized by some 
other reaction occurring simultaneously. 
.After a generation of e.xploration one may 
now point to one such energy link, which 
has clearly been proved to be operative in 
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biologic systems and which must serve 
as an e.vamplc of the devices which have 
e\’olvcd to accomplish the necessary energy 
transfer. 

Tile biologically important compounds of 
phosphoric acid^ have been .shown to fall 
rouglily into two groups, and this division 
is ba.sed on the amount of energy which is 
released when these compounds arc sub- 
jected to hydrolysis. If one considers the 
reaction type: 

(1) ROPOJ-b -f- H;0 ROM -f 

H^PO^ + A E 

where A E is the energy released, one secs 
that of some compounds of phosphoric acid, 
the quantity A E is small, and. intimately 
associated with this fact, the hydrolysis a^ 


written is readily reversible and the possi- 
bility exists that the compound ntay arise 
and accumulate to an appreciable extent 
as a result of spontaneous synthesis from its 
parts. Such compounds arc .said to contain 
“low energy phosphate." There are, on the 
odicr hand, numerous com])ounds of phos- 
phoric acid which, when subjected to 
hydrolysis, yield large amounts of energy; 
in regard to the foregoing equation. A E is 
a large quantity. The hydrolysis of siirli 
compounds proceeds c.sscntially irrcvcrsiblv 
and completely, and such compounds can- 
not be pictured as arising to any appreciable 
e.vtcnt from spontaneous interaction of the 
products of hydrolysis. These compounds 
arc referred to as “high-energy phosphate" 
compounds. 

Included in the table arc cxamplc.s of 
these two types of compounds of phosphoric 
acid. In relation to this table, it sliould be 
pointed out that it is thermodynamically 
possible for any compound of high energy to 
surrender its phosphate residue to some 
acceptor and generate a phospho-coni- 
pound of low energy', whereas the rever.se 
cannot occur. -An example of a reaction 
of this type is the well known hesokinase- 
catalyzcd phosphorylation of gluco.se: 

(2) glucose d- adenosine triphosphate 
— » gluco.sc-6-phosphate 

-f adenosine diphosphate 

Here a low-energy phosphate bond has been 
established at the c.xpensc of a high-energy 
bond. 

Of the .several high energy compounds 
listed in the table, by way of generalization 
it may Ijc stated that the energies of 
hydrolysis of all of these compounds are 
of the same order of magnitude. 1 his fart 
gives rise to the thermodynamic possibility 
of the generation of a new high eiieruy 
phosphate bond at tiie expense of another 
high energy bond, and. furthermore, since 
the net gain or loss of energy in such a 
reaction will be small, such a reaction mas 
be expected to proeeefl n'versibly. Exane 
pie.s are given herewith: 


\\t t p AN rot' Is 


\ S I ui I ruf f N f 



Carbohydrate Metabolism — SleLlen 573 


(3) phosphopyruvic acid 

+ adenosine diphosphate pyruvic acid 
+ adenosine triphosphate 

(4) phosphocreatine 

+ adenosine diphosphate ^ creatine 

+ adenosine triphosphate 

The energy link believed to intervene 
between the catabolism of glucose, on the 
one hand, and the contraction of muscle, 
on the other, is closely related to such 
shuttling about of high energy phosphate. 
The current picture describes the con- 
tractile unit of the myofibril as existing in 
two states, an extended and a contracted 
state. In the extended or elongated condi- 
tion, it is rich in potential energy, like an 
extended spring. As it contracts, with the 
generation of kinetic energy, it loses poten- 
tial energy, precisely as is the case with a 
stretched spring that is permitted to con- 
tract, and before it can do any more work, 
it must be recharged with energy and 
reconverted to the extended condition. This 
transformation is apparently accompanied 
with and closely related to the introduction, 
into the myosin unit, of phosphate, and, 
tvhat is of importance to the present discus- 
sion, the phosphate required is of the high 
energ)^ variety. The continuous operation 
of a muscle fiber may be pictured as being 
made up of two alternating phases: exten- 
sion, accompanied by an increase in poten- 
tial energy and the coincident introduction 
of high energy phosphate at the expense of 
some high energy phosphate compound in 
the vicinity; and contraction, accompanied 
by the performance of mechanical work on 
the environment, release of kinetic energy, 
decrease in potential energy and loss of 
phosphate as inorganic phosphate ions at 
an energy level of 0. Such a process may be 
repeated continuously as long as there is a 
supply of compounds of phosphoric acid 
of the energy-rich variety available in the 
neighborhood; in muscle tissue such a 
reservoir is at hand (Fig. 1). The terminal 
phosphoric acid residue of adenosine tri- 
phosphate appears to be the immediate 
source of high energy phosphate for the 
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recharging of the contracted myofibril. 
Backing up this reservoir there is a second 
reservoir, in the form of the creatine phos- 
phate which is abundant in striated muscle. 
By virtue of these reservoirs an isolated 
muscle may be made to undergo repeated 



Fig. 1 . The role of high energy phosphate in the trans- 
fer of energy from glucose catabolism to effector 
organ. (Adapted from Lipmann, F. In Nord, F. F. 
and Workman, G. H. Advances in Enzymology. 
Vol. 1, p. 122, 1941.). 

contractions even though carbohydrate 
catabolism may have been completely in- 
hibited by the use of suitable poisons. 
Inevitably, however, in such a preparation, 
these reservoirs of high energy phosphate 
will soon be depleted, the high energy 
phosphate necessary to recharge the myo- 
fibrils will no longer be available and muscle 
work will come to a standstill. 

It is at this point that the role of glucose 
catabolism in the working cell must be 
taken into account. One of the important 
consequences of the breakdown of glucose 
in the living cell is the generation of new 
high energy phosphate compounds in the 
formation of which glucose is catabolized 
and inorganic phosphate ions are con- 
sumed. Examples of individual reactions in 
which such high energy phosphate com- 
pounds arise will be given later in the text. 
Suffice it to state at this point that, per 
molecule of glucose degraded to pyruvate 
or lactate, two high energy phosphate 
bonds, according to current understanding, 
will have been created de novo. As the high 
energy phosphate which arises incident to 
the breakdown of glucose is transferable to 
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adenosine diphosphate, to regenerate ade- 
nosine triphosphate and secondarily creatine 
phosphate, the processes of normal glucose 
catabolism tend to ofTset the depletion of 
high energy phosphate stores that would 
othenvise result from continued muscle 
work. 

This energy link between the breakdown 
of glucose and the performance of muscle 
work, involving the repeated generation 
and destruction of high energy phosphate, 
must not be supposed to be peculiar to this 
system. Indeed, at least one other cndcr- 
gonic process, the generation of poly- 
saccharides. has been shown to be linked 
energetically to glucose breakdown through 
the same type of shuttling about of phos- 
phate residues (discussed later), and it may 
Ijc supposed that other energy-consuming 
processes operate, in the cell which is 
destroying glucose, by virtue of this same 
energy link. It must, however, be borne in 
mind that energy links in addition to the 
one dcscriijcd may yet be unearthed, and. 
indeed, at the present time one is able, by 
reactions known to occur, to account for 
the disposition of only a small fraction of the 
energy liberated in the complete oxidation 
of glucose to carbon dioxide and water. 

SOfRCUS ot- Gi rcosii 

The glucose on which the cells of the 
mammalian organism depend, to a greater 
or lesser extent, for their continued nutrition 
is of course the glucose dissolved in the 
extracellular fluids of the body, of which the 
blood plasma may be taken as representa- 
tive. Whereas it is undoubtedly true that 
some mammalian cells retain a vestigial 
cai^acity to assimilate carbon dioxide.- the 
mammal is obviously incapable of syn- 
thesizing its full supplement ofgluco.se from 
carbon dioxide and water, a synthesis that 
is elfeetively carried out by certain micro- 
organisms and chlorophyll-containing 
plants. There are three •'Ources of blood 
glueo-;e that come into coii'^ideration. and 
of thc'c the mo-t im{X)rtant one quantita- 
tivelv is the carbohydrate of the diet. 'I’he 
«nher contributions to the hlocKl glucose 


may be classified under the headings of 
glycogcnolysis and gluconcogcncsis. 

The carbohydrates of the diet that arc of 
nutritional significance are surprisingly few 
in number (Fig. 2). Only three mono- 
saccharides. glucose, fructose and galacto.se, 
need be mentioned, and although the fir.st 
two of these do occur as such in various 
fruits, it is questionable whether any of these 
three ever comprises a major portion of a 
normal diet. Of the disaccharidcs, sucro'-e. 
the common sugar of cane and beet, is of 
course a variable dietary component, and 
lactose, the carbohydrate of milk, is ob- 
viously of significance in infant nutrition. 
Maltose is of interest not so much as a 
naturally occurring product but rather 
as an intermediate in the breakdown of 
larger polysaccharide molecules. The hy- 
drolysis of each of these disaccharidcs gives 
rise to a pair of monosaccharide molecules; 

(5) sucrose — > glucose -f fructose 

(6) lactose — > gluco.se + galactose 

(7) malto.se — » glucose + gluco.se 

The major portion of the usual dietary 
carbohydrate is made up of polysaccharides, 
compounds of large and imperfectly known 
molecular size. The starches, of vegetable 
origin, and glycogen, of animal origin, are 
the important members of this group, and 
both arc made up of glucose fragments 
linked to each other in what is termed 
‘‘glucosidic linkage,” in which the numl)er 1 
carbon of one glucose unit is coupled, 
through an oxygen bridge, to the numl)er 
4 or number 6 carbon of an adjacent 
glucose unit. On complete hydrolysis of 
these materials the sole carbohydnite rdj- 
tained is glucose. 

The remaining carbohydrates of the diet 
arc of little nutritional importance. I he 
pentoses, such as xylose and arabino-e. 
which may be present in the diet to a scant 
e.xient, arc known to be absorbed across tiic 
intestinal mucosa much more slowly than 
the common hexoses. and little is known 
of their further metabolic utilization. Poly- 
saccharides which on hydrolysis yield pen- 
toses arc reprr-sented among the gums, surli 
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as gum arabic and acacia, as well as agar, 
but these are not digested or absorbed and 
serve merely to increase the bulk of the 
intestinal contents. Similarly cellulose, a 
polysaccharide of glucose, although appar- 
ently digested by certain ruminants, is not 

u 

H- C-OH 


of digestion accomplished by this enzyme is 
probably small. When the bolus of food 
enters the stomach, ptyalin is rapidly 
inactivated by the acidic environment 
which it encounters, so that enzymic diges- 
tion comes to a standstill. A small degree 
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Fig. 2. Formulas of the nutritionally important sugars. 


subject to digestion in the human gastro- 
intestinal tract and serves only as roughage. 

The digestion of carbohydrates, like the 
digestion of proteins and fats, may be 
described as a series of enzyme-catalyzed 
hydrolyses in which the large molecules of 
the diet are broken down to smaller unit 
fragments preparatory to their absorption. 
It is generally believed that the bulk of 
dietary carbohydrate is degraded to the 
monosaccharide level prior to absorption, 
although small amounts of disaccharide, 
such as sucrose, may be absorbed without 
hydrolysis. The first of the enzymes, in the 
most general sense glucosidases, to operate 
on ingested polysaccharide is the salivary 
amylase, ptyalin. In view of the short 
duration of contact between dietary poly- 
saccharide and active ptyalin, the extent 
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of digestion in the stomach incident to 
the catalysis of hydrogen ions has been 
postulated. 

The small intestine is the major site both 
of polysaccharide digestion and of absorp- 
tion of the resultant simple sugars. Pan- 
creatic amylase and the glucosidases of the 
succus entericus both participate in cata- 
lyzing the hydrolysis of glucosidic links and 
the ultimate disintegration of the complex 
sugars of the diet to the monosaccharide 
level. 

Derived from the carbohydrates of the 
diet one may expect to see in the lumen of 
the small intestine a mixture of glucose, 
fructose and galactose, and, except for that 
portion which undergoes bacterial fermen- 
tation, these monosaccharides are delivered 
to the portal bloodstream in a quantitative 
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fashion. The transport of these hc.xosc 
mnlcciilcs across the intestinal mucosa 
appears not to be simply a matter of difTu- 
sion. .since the rate of this transport is in 
ifcneral independent of the concentration 
gradient against which it is operating. It 
appears to be a vital procc.ss. dependent in 
some fashion on the reaction of phos- 
phorylation and probably is not dissimilar 
to the process of rcabsorption of glucose 
from the renal tubule. The several sugars 
arc absorbed from the intestinal canal at 
widely difTering rates, the order of these 
rates being: galactose > glucose > fructose 
> mannose > pentoses.^ 

Cducosc is certainly the most abundant 
he.xose entering the bloodstream from the 
intestinal tract. Galactose and fructose, 
insofar as they are absorbed and enter the 
processes of glycolysis and glycogcncsis, 
may be presumed to be capaljlc of ready 
transformation into the glucose configura- 
tion. Of the various monosaccharides of 
metabolic interest, galactose is formed 
abundantly and excreted as lactose in the 
procc.ss of lactation and also crops up as 
the characteristic sugar in many ccrcbro- 
sidcs: ribose and desoxyribose are formed 
from unknown precursors in the body and 
appear in the nucleic acids and nucleotides, 
and xyloketose appears as a urinary con- 
stituent in pentosuria. From the nutritional 
point of view, however, the concern is 
predominantly with glucose. 

In addition to the absorption of the 
products of Ci'irbohydratc digestion from 
the intestinal canal, there are two other 
types of processes which contribute to the 
blood glucose, and these arc conveniently 
discussed under the headings of gluco- 
ncogencsis and glycogenolysis. Under the 
term gluconeogenesis may be included all 
reactions which originate with noncarbo- 
hvdr.itc precursors and terminate with the 
generation of glucose. .Among the materials 
which the IkkIv is capable of employing in 
this fashion are: (< 2 ) essentially all of the 
products that the body can generate from 
glucose down to and including the four- 
carlxm dicarboxylir acids, (h) all of thc 


amino acids that arc capable of being 
transformed into or of contributing carbon 
atoms to any of the foregoing intennediates 
— such amino acids comprise the glucogenic 
amino acids—and (c) certainly glycerol and. 
according to some authorities, possiblv the 
fatty acids, which ma>- arise from the 
hydrolysis of fat. 

Since, in general, the reactions of glv- 
colysis, glucose breakdown, may pntceccl 
in both directions in the body, the products 
of glycolysis would be expected to be 
glucogenic. Certain of these products, how- 
ever. may arise from other sources, "riuis. 
ft-ketoglutaric acid may be formed from 
glutamic acid and presumably from the 
other five-carbon amino acids as well, and 
oxaloacetic acid can certainly arise from the 
amino acid aspartic acid, 'rite three-carbon 
amino acids, alanine, serine and cysteine 
may contribute their carbon skeletons to 
form pyruvic acid, and glycerol is similarly 
interconvertible in the body with certain 
of the three-carbon fragments that arise 
from the breakdown of glucose. When 
proceeding in the direction of glucose 
formation, these proce.sses all funnel into the 
formation of glucose-6-phosphate. This com- 
pound. in common with other phosphoryl- 
ated compounds, appears to cross cell 
membranes slowly, if at all, and is iiclit'ved 
to be utilized for the most part in the very 
cells in which it is formed. The enzyme 
reejuired for the catalysis of the irreversible 
hydrolysis of this product. j)erhaps a s[)ccific 
glucose-6-phosphatasc;’'" 

(8) glucose-0-phosj)hatc ' ' — • glucose 

phosphate ion 

appears not to be uniformly distributed, 
and, while it is abund.intly present in livci, 
it is lacking instriated muscle, rinis. whereas 
the liver is well able to ct)ntribuu" to tiu' 
blood glucose as a result of gluconeogenic 
processes, such processes in muscle rc'uh 111 
the augmentation of some other product, 
notably glycogen. 

The third source of blood glucf)‘e to b- 
considered i- the breakdown of gIyog<'n. 
'I'his proceeds over svell recogni/fd 'tep-;' 

*i ^ I ri J tf J S ** f 





Carbohydrate Metabolism — Stetten 577 


pho-iphorylase 

(9) glycogen + phosphate ion < .. 

glucose- 1 -phosphate 

phosphoglucomutase 

(10) glucose- 1 -phosphate : » 

glucose-6-phosphate 

The glueose-6-phosphate which arises as 
a result of these reactions is, of course, sub- 
ject to the same restrictions described, in 
that in liver, but not in muscle, it may be 
hydrolyzed to yield glucose (reaction 8). A 
consequence of this enzymic deficiency of 
striated muscle is the fact that muscle 
glycogen cannot contribute directly to the 
blood glucose, that the first products of 
glycogen breakdown in muscle that can 
escape readily from the muscle cell are 
pyruvic and lactic acids and that only as 
these do eseape and are captured by the 
liver and employed there for gluconeo- 
genesis can muscle glycogen contribute 
to the glucose of the blood. 

GLYCOLYSIS 

In summing up the sources of blood 
glucose, it may be pointed out that, in a 
quantitative sense, the breakdown of gly- 
cogen eonstitutes a much smaller contribu- 
tion than do the other two processes and 
appears to be of major importance only in 
times of acute stress It should also be 
stressed that all three processes are un- 
doubtedly operating continuously in the 
normal subject and this leads to a consider- 
ation of the fate, in the animal body, of the 
glucose thus made available. In the normal 
subject, essentially all of this glucose is 
consumed in one way or another, no 
appreciable amounts appearing in the 
excreta. Many metabolic pathways and 
many hypothetic intermediates have at 
one time or another come into considera- 
tion. The pathways and the intermediates 
presented herewith are those currently 
acceptable and well established experi- 
mentally, but should not be construed as 
the only possible routes over which glucose 
can be utilized. Rather should this scheme 
be considered as a highly probable series of 
reactions, which is believed to occur, with 
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relatively minor modifications, in widely 
divergent types of cells, and which may 
serve as a model of the manner in which 
glucose is catabolized.® 

The first step in the series (Fig. 3) appears 
to be" the formation of glucose-6-phosphate 
from glucose by the irreversible, exergonic 
reaction: 

(11) glucose + adenosine triphosphate 

hexokinase ^ ^ 

> glucose-6-phosphate 

+ adenosine diphosphate 

It should be particularly noted that this 
reaction is not the reversal of the reaction 
whereby glucose-6-phosphate is hydrolyzed 
to glucose (reaction 8). The enzyme cata- 
lyzing the present reaction, in contrast to 
the phosphatase mentioned previously, ap- 
pears to be ubiquitous, and this, the hexo- 
kinase reaction, would seem to occur in 
essentially all living cells. An important 
consequence of this reaction is that it con- 
verts the freely diffusing glucose into a 
phosphate which crosses membranes with 
difficulty and is thereby pictured as serving 
to capture glucose molecules in the intra- 
cellular compartment.® It has been sug- 
gested that it is by virtue of this mechanism 
of capture of glucose that the cells of the 
mammalian body are able to thrive on a 
predominantly glucose nutrient in spite of 
the fact that the concentration of glucose 
in the extracellular space is relatively low, 
in the neighborhood of 0.1 per cent. 

Three possible fates of glucose-6-phos- 
phatc must next be considered. In the liver, 
but not in muscle, it may be hydrolyzed 
back to glucose by the action of phosphatase 
(reaction 8). Again, by the reversal of reac- 
tion 10 it may be transformed into glucose- 
1 -phosphate, and from this product a wide 
variety of cells are able to form glycogen. 
This latter reaction has been shown to 
require the same phosphorylase which was 
involved in the breakdown of glycogen 
(reaction 9) and, in addition, a small seed 
of glycogen or some similar polysaccharide 
to initiate the coupling of one glucose frag- 
ment to another. In the course of this 
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Fig. 3. The pathway of anaerobic glycolysis. 


reaction phosphate ion is eliminated. The 
third fate of glucose-6-phosphate is its 
transformation to fructose-6-phosphate, a 
reversible reaction: 

6 

isomcrase 

(12) glucose-6-phosphate ^ 

fructose-6-phosphate, 


and since the same product may arise from 
fruetose, by the reaction: 

(13) fructose -f- adenosine triphosphate 


hexokinase 
— > 


fructose-6-phosphate 

+ adenosine diphosphate 


it may be considered that it is at this point 
that the metabolisms of glucose and of 
fructose merge. 

Fructose-6-phosphate now aequires a 
second phosphate in the number 1 position 
by the reaction: 

(14) fructose-6-phosphate 

phosphohexokinasc 

-h adenosine triphosphate 

fructose- 1 , 6-diphosphate 

+ adenosine diphosphate, 

and the resulting product, loaded at both 
ends, undergoes cleavage at the midpoint to 
yield a mixture of the two triose phosphates: 
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Fig. 4. The oxidation of pyruvic acid. 


zymohcxase 

(15) fructose- Ij 6-diphosphate 

glyceraldehyde-3-phosphate 

+ dihydroxyacetone phosphate. 

These two isomeric compounds form an 
equilibrium mixture in that they are bio- 
logically interconvertible: 

iriose Lsomerase 

(16) dihydroxyacetone phosphate 1 

glyceraldehyde-3-phosphate. 

Giyceraldehyde-3-phosphate next under- 
goes spontaneous reaction with inorganic 
phosphate to yield glyceraldehyde-1, 3-di- 
phosphate. It should be noted that the 
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phosphate bond thus established is of the 
low energy variety (table). When this 
compound is oxidized by the transfer of 
hydrogen to coenzyme i: 

(17) glyceraldehyde-1, 3-diphosphate 
+ coenzyme 1 (ox.) 

1,3-diphosphoglyceric acid 

+ coenzyme 1 (red.), 

the phosphate in position 1 is transformed 
from a low energy phosphoric acid acetal 
into a high energy mixed anhydride of 
phosphoric acid (table), capable of delivery 
to other high energy systems; 
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(18) 1,3-diphosphoglyceric acid 

+ adenosine diphosphate 
^ 3-phosphoglyceric acid 

+ adenosine triphosphate 

The last three reactions have in eflfect 
augmented the energy level of inorganic 
phosphate, initially zero, up to an energy 
level suffieiently high to permit of the 
regeneration of high energy adenosine tri- 
phosphate, the energy in this case derived 
from the energy of oxidation of an aldehyde 
up to the level of a carboxy acid. 

The rearrangement of 3-phosphogIyceric 
acid according to the reaction; 

triosc mutasc 

(19) 3-phnsphnglyr.erir acid ~ * 

2-phosphoglyceric acid, 

is followed by the dehydration of this 
produet: 

cnolasc 

(20) 2-phosphoglyceric acid tZZZ 

phospho (enol) pyruvic acid -j- H 2 O 

In this reaction once again one sees the 
augmentation of energy level in a phosphate 
bond. In the starting material, phosphate 
occurs as an ester of a secondary alcohol, at 
low energy level, whereas in the product, 
phosphate is present as a high energ)' enol 
ester (table). The regeneration of another 
mol of adenosine triphosphate is thus made 
possible, at the expense of the energy'^ 
yielded by glycolysis, as is seen in the next 
reaction of the series; 

(21) phosphopyruvic acid 

-h adenosine diphosphate ^ pyruvic acid 
-\- adenosine triphosphate. 

The possible fates of pyruvic acid (Fig. 4) 
which, in alkaline solution, exists as an 
equilibrium mixture of the enol and keto 
forms, are several. Under conditions of 
oxygen lack, when the several coenzymes of 
the hydrogen transport system are largely 
in the reduced state, the reaction; 

(22) pyruvic acid + coenzyme i (red.) 

^ lactic acid -k coenzyme i (ox.) 


may be expected to proceed to the right to 
an appreciable extent, and in these cir- 
cumstances, since lactic acid appears to 
have no pathway open to it other than 
excretion or reoxidation to pyruvic acid, 
lactic acid may be expected to accumulate 
in the body fluids. It may be pointed out 
that lactic acid (CsHgOs) is grossly at the 
same level of oxidation as glucose (C 6 H 12 O 6 ) 
and that in the reactions described thus far, 
there is neither an over-all consumption of 
oxygen nor a liberation of carbon dioxide. 
In fact all these reactions do run, in many 
circumstances, completely anaerobically, 
lactic acid accumulating as glucose dis- 
appears. In general, however, when oxygen 
is abundantly supplied, pyruvic acid is 
drained into other channels and the equilib- 
rium of reaction 22 is shifted to the left. 

Another possible disposition of pyruvic 
acid is its conversion to alanine by the 
transfer of an amino group from some other 
amino acid: 

tra nsamma'c 

(23) pyruvic acid -k glutamic acid 

alanine -k a-ketoglutaric acid, 

a reaction for which pyridoxal phosphate 
has been shown to serve as a coenzyme. 

Yet another fate of pyruvic acid is today 
supposed to entail a preliminary degrada- 
tion to an as yet unidentified two-carbon 
fragment, sometimes referred to as ‘‘acetyl,” 
and condensation of this product with oxalo- 
acetic acid to yield «j-aconitic acid. In 
order to balance the over-all reaction: 

(24) Pyruvic acid -k oxaloacetic acid 

+ k '^02 — ^ m-aconitic acid -k H 2 O 

-k CO 2 , 

it will be noted that oxygen is required 
among the reactants and carbon dioxide 
occurs among the products. This reaction, 
which initiates the so-called “tricarboxylic 
acid cycle,” may be taken as the first 
individual reaction which is necessarily 
aerobic. A coenzyme necessary for this, and 
indeed several other reactions of pyruvic 
acid, is thiamine pyrophosphate, and the 
increase in blood and urine pyruvate levels 
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in thiamine deficient states has been 
ascribed to inhibition of this reaction. It is 
noteworthy that the other reagent required 
for this disposition of pyruvic acid, oxalo- 
acetic acid, may in turn arise from pyruvic 
acid: 

(25) pyruvic acid -f CO 2 

oxaloacetic acid. 
The hydration of «>-aconitate: 

(26) c?V-aconitic acid + H 2 O 

wo-citric acid 

is followed by its dehydrogenation: 

(27) /.yo-citric acid +'M02 

oxalosuccinic acid -{- H 2 O, 

and here again, to balance the over-ail 
reaction, oxygen is required. Oxalosuccinic 
acid now undergoes decarboxylation: 

(28) oxalosuccinic acid 

^ a-ketoglutaric acid + CO2, 

eliminating a second mol of carbon diox- 
ide. The a-ketoglutaric acid thus formed 
may, by acceptance of an amino group, be 
transformed into glutamic acid. It may, 
on the other hand, undergo oxidative 
decarboxylation: 

(29) a-ketoglutaric acid -j- HO 2 

succinic acid CO 2 

Three mols of carbon dioxide have now 
been eliminated, corresponding to the three 
carbon atoms of the pyruvic acid with 
which this, the aerobic phase, was initiated. 
The remaining reactions of the cycle, now 
called the “dicarboxylic acid cycle,” may 
be pictured as serving to regenerate, from 
succinic acid, oxaloacetic acid: 

(30) succinic acid -f- ^-^02 

?^fumaric acid -f H 2 O; 

(31) fumaric acid -T H 2 O malic acid; 

(32) malic acid 3''^02 

oxaloacetic acid -f- H 2 O. 

Oxaloacetic acid is thus conserved and may 
react with another molecule of pyruvic acid 
in a cyclic fashion. It may, in addition, 
accept an amino group to yield aspartic 
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acid. Three of the keto acids which arise in 
the course of glucose catabolism, pyruvic, 
a-ketoglutaric and oxaloacetic, may readily 
and reversibly be converted into amino 
acids, and, in this fashion, a fusion of the 
metabolic pathways of proteins and carbo- 
hydrates is effected. At some point as yet 
undefined in the series below pyruvic acid, 
probably at the level of the two-carbon 
“acetyl fragment,” a similar fusion of path- 
ways of carbohydrate and fatty acid metab- 
olism occurs whereby the over-all conver- 
sion of glucose to fatty acid takes place, on 
the one hand, and the products of fatty 
acid degradation feed into the tricarboxylic 
acid cycle, on the other. 

Perhaps the most striking fact about this 
series of reactions is the occurrence of 
numerous individual steps whereby energy 
is released in small packages, rather than 
all at once in an explosive fashion. This 
gradual release of energy permits of its 
more efficient utilization in the endergonic 
processes of the body, and certain of the 
energy links that occur as glucose is de- 
graded to pyruvate have been described. It 
should be pointed out, however, that the 
yield in energy as glucose is converted to 
pyruvate is far less than the yield obtained 
when pyruvate is further degraded to 
carbon dioxide, and of the energy links 
operating in this, the oxidative phase, little 
is known. 

MAINTENANCE OF BLOOD GLUCOSE 

For the cells of the body to carry out 
these reactions on glucose, a certain mini- 
mum concentration of glucose in the extra- 
cellular fluid must be maintained. One of 
the important mechanisms operating in 
this direction is the kidney, which normally 
prevents the loss of significant quantities of 
glucose in the urine as long as the level of 
blood glucose is below the threshold value. 
This is accomplished by the more or less 
quantitative reabsorption of glucose from 
the glomerular filtrate, a process in which 
the tubule cells transport at least a portion 
of the glucose against a concentration 
gradient. Such transport cannot be ac- 
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counted for on the Ijasis of simple diffusion 
and necessarily consumes energy, and in 
view of the faet that such “up-hill” transport 
of glucose operates not only at the renal 
tubule but also at the intestinal mucosa and 
possibly elsewhere, it may be well to con- 
sider whence the necessary energy may 
arise. The sequence of events may be pic- 
tured as follows: Glucose diffuses across the 
barrier separating the lumen from the con- 
tents of the tubule cell; once in the cell it is 
phosphorylated according to reaction 11, 
which, in effect, disturbs the equilibrium in 
favor of diffusion of glucose into the cell 
from the lumen. Whereas glucose-6-phos- 
phate does not escape from the cell, it may 
be pietured as circulating in the cytoplasm 
of the cell and coming in contact with a 
phosphatase which effects an irreversible 
hydrolysis according to reaction 8. A high 
concentration of glucose may thus be built 
up locally, and glucose may then diffuse 
from the intracellular fluid into the blood 
stream. To compute the energy which 
would be expended by such a sequence of 
events, one has merely to add reactions 8 
and 11, the sum being; 

(33) adenosine triphosphate 

— ^ adenosine diphosphate 

+ inorganic phosphate. 

In other words, to transport one molecule 
of glucose against a concentration gradient 
by this means entails the loss of one high 
energy phosphate bond. That some such 
mechanism is operating at the renal tubule 
is indicated by the fact that phlorhizin, a 
known poison of phosphorylating systems, 
decidedly inhibits the tubular reabsorption 
of glucose. 

Factors other than renal activity which 
sei've to maintain the blood glucose at 
normal levels may conveniently be con- 
sidered with reference to the endocrines 
which control these factors. Thus, the effect 
of epinephrine on carbohydrate metabolism 
may be assigned to an enhancement of the 
conversion of glycogen to glucose-6-phos- 
phate (reactions 9 and 10). In the well 
nourished animal, with ample hepatic 


glycogen, the major effect observed is a 
decrease in the quantity of glycogen of the 
liver and an increase in the quantity of 
blood glucose, arising from the ready 
hydrolysis of glucose-6-phosphate in the 
liver (reaction 8). In the previously fasted 
animal, however, in which the glycogen 
of the liver is depleted, the injection of 
epinephrine is followed by a decrease in 
glycogen of the muscle. At this site, how- 
ever, glucose-6-phosphate cannot be hydro- 
lyzed, and the glucose-6-phosphate there- 
fore follows the path of anaerobic glycolysis 
(reactions 12 through 22) and the resulting 
lactic acid escapes into the bloodstream. 
The depleted liver captures a fraction of 
this lactic acid, which it may then convert 
into glycogen. 

The anterior pituitary gland produces a 
specific inhibitor of the enzyme hexokinase 
(reaetion 11).® It appears to operate pre- 
dominantly on the hexokinase of muscle 
and liver cells, and has little or no effect on 
the hexokinase contained in the cells of the 
central nervous system, the renal tubule or 
the intestinal mucosa. Since the hexokinase- 
catalyzed phosphorylation of glucose is, in 
a sense, a key reaction in the utilization of 
glucose, the presence of an excess of this 
inhibitor would be expected to interfere 
with the utilization of glucose, especially 
in muscle and in liver. A retardation in the 
formation of glucose-6-phosphate at these 
sites will result in an impairment of the 
utilization of glucose by these tissues as 
well as a decrease in the formation of all 
the substances which these tissues normally 
generate from glucose, among others, lactic 
and pyruvic acids, glycogen, fatty acids and 
carbon dioxide. 

One of the actions of the secretion of the 
adrenal cortex appears to be an enhance- 
ment and prolongation of the action of this 
pituitary hexokinase inhibitor. When pres- 
ent in excess, essentially the same effects 
on the utilization of glucose by muscle and 
liver may be anticipated. The oxygenated 
steroids of the adrenal cortex are believed 
to have another effect on carbohydrate 
metabolism, namely, they are supposed to 
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favor gluconeogenesis at the expense of 
glucogenic amino acids of the proteins of 
the body. Both of these actions of the adrenal 
cortex will operate to increase the level of 
blood glucose, the one by impeding utiliza- 
tion and the other by favoring glucose 
synthesis. 

An important action of insulin lies in its 
antagonism to the action of the inhibitor of 
hexokinase. Whereas insulin has no effect 
on hexokinase itself, it does serve to release 
this enzyme from the inhibition imposed on 
it by the anterior pituitary and the adrenal 
cortex. Assuming hexokinase in the normal 
animal to be continuously moderately 
inhibited, the action of insulin would be to 
remove this inhibition and, thus, indirectly 
to stimulate the enzyme. The phosphoryla- 
tion of glucose would then proceed more 
rapidly, glucose would disappear from the 
extracellular compartment, glucose-6-phos- 
phate would be formed in abundance in 
muscle and liver cells, and products derived 
from glucose-6-phosphate would second- 
arily be formed at greater than normal rates. 
Essentially all of these effects have been 
observed to follow the administration of 
insulin. Insulin lack, on the other hand, 
would be expected to simulate, chemically, 
the picture described as following the 
presence of an excess of hexokinase inhibitor. 
This picture is, in fact, a good description 
of the biochemical defect in diabetes 
mellitus.® 

The release of insulin by the cells of the 
islets of Langerhans appears itself to be 
dependent on the level of blood glucose; 
the higher the blood glucose, the more 
insulin discharged. This mechanism is 
subject to exhaustion, however, and pro- 
longed maintenance of the blood glucose at 
an excessively high level is followed, in 
certain species, by irreversible injury to 
the islets and the picture of permanent 
diabetes. 

In the adult normal animal in balance 
and at constant weight, the glucose made 
available by the various processes that have 
been described must be equal to the glucose 
that is being consumed in the several 
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processes outlined. The magnitudes of these 
several processes in human beings have 
not been exhaustively studied. In the rat 
it would appear that about one third of the 
glucose is used in the elaboration of fatty 
acids which are needed to replenish the fat 
stores of the body, and only about one 
thirtieth is required for the maintenance 
of the glycogen reserves. The remainder is 
presumed to be degraded ultimately to 
carbon dioxide and to contribute carbon 
atoms along the way to other compounds 
which the body may synthesize from such 
fragments. 

There is no specific nutritional deficiency 
related to the lack of glucose in the diet. 
However, it has long been recognized that 
when, for any reason, the rate of utilization 
of glucose is subnormal, there is a likelihood 
of the development of ketonemia and 
ketonuria. This may arise as a result of 
deprivation of dietary glucose, diabetes or 
renal glucosuria and may in general be 
rectified by the reestablishment, by suitable 
procedures, of normal glucose catabolism. 
This action of glucose, its so-called “anti- 
ketogenic” action, is today fairly well 
understood. The ketone bodies are not 
abnormal metabolites, but are formed 
normally and abundantly in the course of 
fatty acid degradation, probably chiefly in 
the liver. They do not accumulate in the 
blood of the normal person because they are 
normally consumed in muscle and liver as 
rapidly as they are formed. Only when they 
are produced in excessively large amounts 
do clinical ketonemia and ketonuria de- 
velop, and this is undoubtedly what hap- 
pens when, for one reason or another, 
glucose is not being utilized at the proper 
rate. When glucose is scarce, either because 
of lack of dietary carbohydrate or because 
of loss of glucose in the urine, or when 
glucose, though abundantly present, is not 
being catabolized at a normal rate, exces- 
sive quantities of fat are transported from 
the depots to the liver and there degraded, 
probably to two-carbon “acetyl” fragments, 
and a portion of these are converted into 
acetoacetic acid. If these normal processes 
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become sufficiently exaggerated, the rate of 
acetoacetic acid formation will exceed the 
body’s capacity to destroy this compound 
and its level in the blood will rise. The 
reestablishment of carbohydrate metabolism 
in such a subject appears to relieve the liver 
of the necessity of degrading fatty acids at 
excessive rates, and as the formation of 
ketone bodies resumes its normal rate, the 
ketone bodies which had accumulated in 
the body are either excreted in the urine or 
destroyed by the tissues of the body in their 
normal fashion. It may be noted in passing 
that acetoacetic acid and “acetyl,” with 
which it is interconvertible, are believed to 
be catabolized by initial condensation with 
oxaloacetic acid to yield the same cis- 
aconitic acid encountered in the breakdown 
of glucose (reaction 24). From this point 
on the breakdown of acetyl, derived from 
fatty acids, and of pyruvate, derived 
from glucose, apparently follow identical 
pathways. 

FUSION OF METABOLIC PROCESSES 

From the foregoing discussion it will be 
apparent that the catabolic pathways of the 
carbohydrates, fats and proteins cross at 
many points and that within wide limits 
one nutrient may be substituted for another 
without significant injury to the metabo- 
lizing tissue. Each of the three major classes 
of nutrients may supply organic fragments 
which feed into the tricarboxylic acid cycle, 
a sequence of reactions which apparently 
serves to supply a large portion of the 
energy need of many biologic systems. As 
this fusion of metabolic pathways has been 
elucidated, the classic lines of demarcation 
between the metabolisms of fat, protein and 
carbohydrate have become progi'essively 
more obscure and more meaningless. The 
picture that is developing is one of reaction 
sequences, often cyclic, which liberate 
energy as needed by the organism, and 
these cycles apparently may be fed at many 
points and in many ways. Although ex- 
treme deviation from the normal composi- 
tion of the nutrient mixture may result 


in the undue accumulation of one or 
another intermediate, a considerable degree 
of variation is tolerated. Whereas the 
catabolic breakdown of protein, fat and 
carbohydrate will undoubtedly continue to 
be taught, for purposes of convenience, as 
separate entities, the better understanding 
of these processes is leading to a more highly 
integrated point of view. 
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S INCE Minkowski and von Mering in 
1889 first discovered that removal 
of the pancreas in dogs led to the 
development of diabetes,^ much attention 
has been given to the study of this disease 
in experimental animals. Depancreatized 
dogs show the signs and symptoms of dia- 
betes and usually will die in less than three 
weeks if untreated. They exhibit not only 
profound changes in the metabolism of 
carbohydrate but also in the metabolism of 
protein, as indicated by the increased nitro- 
gen exeretion and of fat, as evidenced by 
excessive ketone body formation; changes 
abnormal in quantity rather than in kind. 
The experiments in which the pancreas was 
removed indicated that normally something 
was provided by the pancreas which was 
necessary to prevent the occurrence of 
diabetes. This was supported by the finding 
that if a piece of the pancreas was trans- 
planted to another part of the body, diabetes 
was prevented.^ The hormone nature of this 
pancreatic factor seems obvious now but it 
was by no means settled until insulin was 
discovered. It was not until 1922 that a 
potent, non-toxic extract of pancreas was 
prepared by Dr. F. G. Banting and Dr. 
C. H. Best at the University of Toronto.^ 
By the use of this extraet they were able to 
alleviate the diabetes of depancreatized 
dogs and later of hospital patients. 

The effect of insulin in the diabetic is to 
relieve the diabetes. However, insulin does 
not entirely substitute for the removal of the 
pancreas since the other pancreatic secre- 
tions are lacking as well. Depancreatized 
animals require raw pancreas, lecithin or 
choline in addition to the insulin or their 
livers become large and fatty.'* Observations 


made during the study of experimental 
diabetes resulted in the discovery of lipo- 
tropic factors and the opening of a new 
field of medical research. 

Insulin is produced in the pancreas and 
there is, as yet, no evidence for any truly 
extrapancreatic source. It is secreted by the 
islets of Langerhans, the beta cells of which 
seem to be the essential endocrine structures. 
Their importance is indicated by a great 
deal of evidence not the least of which is the 
fact that the insulin content of the pancreas 
under different experimental conditions is 
closely related to the degree of granulation 
of the beta cells as shown by the neutral 
ethyl violet-Biebrich scarlet stain of Bowie.® 
This stain seems to be superior to most of 
the special islet stains for demonstrating the 
changes in granulation of the beta cells 
although it seems inferior to some in dif- 
ferentiating between the different types of 
cell in the islet. Using Bowie’s stain, when 
the granulation of the beta cells is reduced, 
the insulin concentration in the pancreas is 
diminished also. 

It would appear from what has been said 
that diabetes results from a deficiency of a 
particular hormone, insulin, manufactured 
by the beta cells of the pancreatic islets. In 
fact, we may define diabetes as a chronic 
metabolic disease which results from a rela- 
tively insufficient supply of insulin by the 
beta cells of the islets of Langerhans. This 
relative lack may result from a reduced 
insulin supply or it may result from a greatly 
increased insulin need. 

For a while it seemed that the pancreas 
alone was involved in diabetes but later it 
appeared that other organs were also im- 
plicated. A number of findings led to this 
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conclusion. First there was the evidence that 
in some animal species removal of the pan- 
creas did not lead to the development of a 
severe diabetes but only to a very mild form 
of the disease. This suggested that some 
extra-pancreatic factors must be included 
in any consideration of the diabetic state. 
The liver is one organ known to be necessary 
for the production of diabetes since after 
removal of the liver the blood sugar falls 
even in depancreatized animals.® It has been 
shown, too, that certain endocrine glands 
other than the pancreas are involved. 
Houssay and Biasotti in 1930' found that 
the diabetes resulting from pancreatectomy 
could be alleviated by removal of the 
pituitary gland. It was shown by these and 
other workers that extracts of the anterior 
pituitary gland would bring back the dia- 
betes once more, and that even in normal 
intact dogs injections of the extracts gave 
rise to a diabetic state. Diabetes may be 
alleviated also by removal of the adrenal 
glands® and, to a less extent, by removal 
of the thyroid gland.® 

As a result of these experiments, it can no 
longer be said that the absence of beta cells 
of the islets is responsible entirely for the 
diabetic picture. It would appear that the 
presence of the pituitary and certain other 
endocrine glands is essential, too. There are 
then two antagonistic systems, one neces- 
sary to prevent diabetes and one tending to 
cause diabetes. When the one tending 
to cause diabetes predominates, diabetes 
results. 

It will be evident from what has been 
said that there are many problems remain- 
ing in the study of diabetes. These can best 
be studied in the experimental animal in 
which conditions may be more or less con- 
trolled. Let us look for a moment at the ways 
in which diabetes can be produced experi- 
mentally. It was noted earlier that diabetes 
can be produced by pancreatectomy. It can 
be produced, too, by removing almost but 
not all the pancreas, i.e., by extensive 
partial pancreatectomy. Such a partially 
depancreatized animal is useful because the 
changes in the islets of Langerhans in the 


remnant of pancreas can be followed. The 
characteristic changes in the islets found in 
these diabetic animals are degranulation 
and hydropic degeneration of the beta 
cells. 

The third method of producing diabetes 
experimentally is by the injection of extracts 
of the anterior pituitary gland mentioned 
briefly before.*"^® It should be pointed out 
that there is a great species difference in the 
response to these pituitary extracts. Diabetes 
can be obtained in the intact adult dog or 
cat by their injection but not in the young 
of these species nor in the rat, which is very 
resistant. In the adult dog pituitary dia- 
betes can be separated into two phases, a 
transient diabetes present during the injec- 
tions of the extracts and a permanent 
diabetes which is to be observed, under some 
circumstances, after the injections of pitui- 
tary extracts are stopped. 

The diabetes that occurs while the ex- 
tracts are being injected is known to require 
the presence of the liver*'* and, according to 
some, the adrenal glands also.®’*® The dia- 
betes resulting from the injection of the 
extract may be severe, with high fasting 
blood sugar values, glucosuria, increased 
ketone body formation and excretion, in- 
creased N excretion and other changes 
characteristic of diabetes. If the extract has 
not been too potent or the injections too 
prolonged, the diabetes stops shortly after 
the injections are discontinued. However, 
if the effect of the extract is great enough, 
the diabetes persists after the injections are 
discontinued, that is, it becomes permanent. 

During the course of injections of the 
anterior pituitary e.xtract certain changes 
take place in the pancreas. The insulin con- 
tent of the pancreas is greatly reduced (to 
less than f’fo of the normal value) and 
there are extensive changes in the islets of 
Langerhans. *®'’' The beta cells show pro- 
gressive degranulation and finally hydropic 
degenerative changes. If tlie effect of the 
injections is not too great, after they are 
discontinued the islet cells can be restored 
and the insulin content of the pancreas 
comes back to normal levels. If the extract 
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is more potent or tire length of administra- 
tion greater, the islets may be permanently 
damaged and a permanent reduction in 
normally functioning beta cells and a per- 
manent lowering of the insulin content of 
the pancreas result. The persistence of the 
diabetic state after the anterior pituitary 
extract is stopped is dependent, therefore, 
on a permanent reduction in islet tissue; in 
effect, a removal of the beta cells instead of 
a removal of the pancreas as a whole. When 
the anterior pituitary injections are first 
given, the diabetes is fundamentally a 
pituitary diabetes (hypophyseal diabetes). 
Later, the persistence of the diabetic state 
depends on pancreatic changes and the 
diabetes is fundamentally pancreatic (meta- 
hypophyseal diabetes). 

F. G. Young, who first studied meta- 
hypophyseal diabetes extensively, has re- 
ported recently that in cats a pituitary- 
induced diabetes may disappear despite the 
persistence of hydropic degenerative changes 
in the beta cells of the islets. This observa- 
tion has not yet been explained. While 
suppression of endogenous pituitary activity 
would seem to be the simplest postulated 
cause. Young states that there is no his- 
tologic evidence for this. 

It is not possible to discuss here the 
nature of the diabetogenic pituitary factor. 
Long and Lukens reported that after re- 
moval of the adrenals the diabetogenic 
effect of pituitary extracts was not observed. 
This suggests that something acting through 
the adrenals may be involved. Young be- 
lieves, however, that the diabetogenic effect 
of pituitary extracts is not due to an adreno- 
corticotrophic material (ACTH) since his 
diabetogenic pituitary preparations pro- 
duced no obvious response in human pa- 
tients whereas ACTH has been reported to 
produce a diabetic state in man. The 
evidence is increasing that purified growth 
hormone, as well as adrenocorticotrophic 
hormone, is diabetogenic in some species. 

The importance of the adrenal glands in 
the genesis of diabetes has been shown by 
the fact that removal of the adrenals 
ameliorates to some extent the diabetes 
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resulting from pancreatectomy. Adrenal 
cortical substances themselves will cause 
hyperglycemia and glycosuria when ad- 
ministered in sufficient quantities to normal 
rats^® but these changes disappear when the 
injections cease and no permanent diabetes 
results. Similar effects have been obtained 
with pituitary adrenocorticotrophic material 
(ACTH) in rats,®® and a temporary diabetes 
resistant to insulin has been induced in man 
by the administration of purified prepara- 
tions of ACTH.®^ A reduced tubular ab- 
sorption of glucose contributed to the 
glycosuria in these patients. There was at 
the same time a decreased concentration of 
blood glutathione and an increased excre- 
tion of uric acid in the urine. These changes 
are interesting in view of the fact that 
Griffith®® has reported the production of 
diabetes in the rabbit by the administration 
of uric acid in the presence of lowered blood 
levels of glutathione (see alloxan). The 
administration of glutathione to subjects 
showing hyperglycemia and glycosuria as a 
result of the injections of ACTH caused 
these changes to be reversed.®® 

What has just been discussed constitutes 
the fourth method by which diabetes may 
be produced experimentally, namely, by 
the administration of adrenal eortical sub- 
stances or by the injection of purified pitui- 
tary adrenoeorticotrophic materials. 

A fifth and lesser diabetogenic effect is 
that produced by estrogens. Despite the 
reported fact that estrogens may reduce the 
amount of insulin which the diabetic patient 
requires, these materials are diabetogenic in 
rats whose caloric intake has been main- 
tained by force-feeding. The way in which 
this effect is brought about is not clear but 
it is apparently not mediated by the pitui- 
tary or adrenal glands.®^ 

Thyroid administration should be in- 
cluded as the sixth way of producing dia- 
betes though this effect has been obtained 
only when a large part of the pancreas has 
been removed.®® Thyroid treatment in 
partially depancreatized diabetic rats, how- 
ever, caused the diabetic state to disappear.®® 
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The seventh way of producing a perma- 
nent diabetes experimentally is by the in- 
jection of glucose. Dr. Lukens and Dr. 
Dohan of Philadelphia showed that repeated 
intraperitoneal injections of glucose in the 
cat led to degenerative changes in the islets 
of Langerhans and to a permanent diabetic 
state. 

It should be pointed out that the de- 
generative changes in the islets of Langer- 
hans are much the same in the animals made 
diabetic by partial pancreatectomy, pitui- 
tary injections or glucose injections. In dogs 
the change is degranulation, hydropic 
degeneration and finally disappearance of 
the damaged beta cells, whereas in cats 
persisting hydropic beta cells are evident. 
There is good reason to believe that in all 
these cases the permanent islet changes 
result from exhaustion of the islet cells 
through overwork. 

The last way of producing diabetes ex- 
perimentally is by the administration of 
alloxan, an oxidation product of uric acid.-® 
The islet changes following alloxan ad- 
ministration diflfer from those just men- 
tioned. Here there is a specific necrosis of 
the beta cells, evident in a few hours and 
followed by the disappearance of beta cells 
in a few days. These cells apparently disap- 
pear without signs of inflammatory reaction. 
Alpha cells replace beta cells or agranular 
cells are evident. The insulin content of the 
pancreas is reduced.-® 

Doses of alloxan too small to produce 
diabetes may yet produce some changes in 
islet function. Subdiabetogenic doses of 
alloxan have been shown to lead to an 
impaired tolerance for glucose and to cause 
an enhanced diabetogenic effect of pituitary 
extracts in rats.®” 

Although tlie type of islet change is dif- 
ferent in the alloxan-treated animals (a 
toxic necrosis rather than hydropic de- 
generation), the end result is the same, 
namely, the reduction in functioning beta 
cells of the islets of Langerhans. With the 
exception of the alloxan diabetic animals 
and others in this class, there is good reason 
to believe that the degenerative islet changes 
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all result from overfunction of the beta 
islet cells. 

In experimental diabetes the permanence 
of the state in all instances depends upon 
some permanent reduction in normally 
functioning beta cells of the islets of Langer- 
hans. This, coupled with the fact that all 
types of experimental diabetes can be re- 
lieved by insulin, makes it seem possible 
that diabetes could be cured by sufficiently 
increasing the amount of insulin-producing 
tissue in the animal’s pancreas. Since this 
may be so and also since several types of 
experimental diabetes are produced by 
exhaustive overwork of the beta cells, it 
seems important to find out what factors 
influence the growth of the islets and affect 
the elaboration and secretion of insulin. 

This has been studied by measuring the 
total volume or weight of the islets and 
determining the insulin content of the 
pancreas. It should be pointed out that the 
insulin content of the pancreas represents 
a balance between the production of insulin 
and its liberation or secretion. It may in 
some instances also bear a relation to the 
total volume of the insulin-secreting tissue. 
In itself the insulin content of pancreas may 
give little information concerning islet func- 
tion. It may be reduced, for example, by 
decreased production of insulin or by in- 
creased liberation of insulin. However, if 
the changes in the insulin content of pan- 
creatic tissue are observed under a variety 
of conditions and other findings are cor- 
related with these, the insulin values be- 
come more significant. Two examples ^vill 
be given: 

The first example concerns the effect of 
partial removal of the pancreas on the 
insulin content of the pancreatic remnant 
in the dog.®^ It is found that if a large but 
not excessive amount of the pancreas is 
removed (e.g., 4^), the animal does not 
become diabetic and the insulin content of 
the pancreas remains within the normal 
range. Since only one-fifth of the pancreas 
remains and is supplying sufficient insulin 
for the animal and yet the insulin concen- 
tration in the remnant is not reduced, it 
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follows that the production and liberation 
of insulin by the cells of the remnant over a 
period of time must be increased. The ex- 
tent of the increase will be related to the 
amount of pancreas removed. When the 
amount removed is sufficient to result in 
diabetes, the insulin concentration in the 
pancreatic remnant is reduced to low 
values and the islet cells become hydropic. 
There seems to be some justification in con- 
cluding that the low insulin values and islet 
cell changes under these circumstances are 
due to overwork of the islet cells. 

The second example concerns the effect 
of repeated insulin injections upon the 
insulin content of the pancreas.®^ When 
daily injections of adequate amounts of 
insulin are given to rats, the insulin content 
of the pancreas is reduced. Since insulin is 
being supplied by injection, it seems logical 
to conclude that the need for endogenous 
insulin is diminished and that the reduction 
in insulin content under these circumstances 
is not due to overactivity of the islets but 
rather to a reduced function of the islet cells. 
This is supported by the fact that the low 
insulin values are accompanied by the 
histologic finding of a lesser number of 
negative Golgi images in the beta cells of 
the islets of Langerhans, a finding usually 
taken to indicate reduced cellular activity. 
It should be noted, too, that the degree of 
beta cell granulation is decreased by the 
injection of insulin. 

This brings up the point that a reduction 
in the specific granulation of the beta cells 
is related to the insulin concentration in the 
islet cells rather than to the state of activity 
of those cells. Hence it is important to 
recognize that a degranulated beta cell may 
be one with greatly increased activity or 
greatly reduced activity. 

By comparison of the islet changes with 
those following partial pancreatectomy and 
by the use of insulin administration along 
with other given experimental procedures, 
it seems possible to conclude whether or not 
the given procedure itself produces its effect 
by increasing the activity of the islets or by 
reducing the activity of the islets. Taken in 
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relation to other findings and under a variety 
of experimental conditions it does appear 
then that studies of the insulin content of 
pancreas may help to reveal the state of islet 
function. 

The measurement of islet volume or 
weight is, at best, a tedious procedure but, 
in the rat, reliable data can be obtained 
reasonably quickly by the use of a vital 
staining procedure and a planimetric method 
of measurement.®^ 

It is possible to relate some of the findings 
concerning islet volume and insulin content. 
It is found first of all that the volume or 
weight of the islets and the insulin content 
of the pancreas increase with age or body 
weight.®®’®^ This seems to hold for humans 
as well as animals and the relation to body 
weight according to Ogilvie®® obtains also 
in the obese human, fatty tissue apparently 
requiring no less insulin than other tissues. 
For the rat, within a wide weight range, the 
insulin concentration per Gm. of pure islet 
tissue is in the neighborhood of 100 to 200 
units. This is the value one might expect in 
a tumor of pure islet tissue. In one islet 
tumor a value of 21 4 units per Gm. has been 
obtained.®® 

It has been found that, in general, those 
factors which reduce insulin production and 
liberation also reduce the growth of the 
islets in young rats, and those factors which 
lead to a stimulation of insulin secretion 
also increase the growth of the islets in 
young rats. 

We can list the effects on the islets by 
saying that good examples of factors re- 
ducing islet activity and in young rats de- 
pressing islet growth are: (1) the repeated 
injection of insulin, (2) the reduction of the 
caloric intake and (3) the use of diets low 
in carbohydrate. Factors stimulating islet 
secretion and, in young rats, increasing 
islet growth are: (1) the injection of certain 
anterior pituitary extracts, (2) the ad- 
ministration of thyroid materials, (3) the 
use of a high carbohydrate diet and (4) the 
continuous injection or repeated injections 
of glucose. 
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Let us examine these effects briefly. 
Insulin administration in adequate doses 
in rats reduces the insulin content of the 
pancreas to less than half that of the control 
animals within seven days.®^ Such a short 
period of insulin administration gives no 
demonstrable reduction in islet volume, 
hence the change in the insulin content of 
the pancreas is due to a reduction in the 
concentration of insulin in the islet cells. 
When insulin is given to young growing 
rats for periods of from 20 to 1 60 days, how- 
ever, a significant inhibition of the growth 
of the islets is obtained.®" The total islet 
weights in the insulin-injected animals were 
less than in the control rats when compared 
on the basis of duration of the test or body 
weight. There is some evidence, too, though 
not very extensive, that when the insulin 
injections are discontinued the islet volume 
is restored to normal in a few weeks. There 
is as yet no good evidence that insulin ad- 
ministration alone ever reduces the islet 
tissue below the initial level. 

Starvation or undernutrition are other 
factors exerting an important influence on 
the islets. Starvation greatly reduces the 
insulin content of the pancreas.®® Yet 
starvation of equivalent severity, as judged 
by the percentage weight loss (17 to 30 per 
cent), gives no appreciable reduction in 
the islet volume.®® Hence the reduction in 
the insulin content of the pancreas, as with 
short periods of insulin administration, is 
due to a reduction in the concentration of 
insulin in the islet cells. This is borne out by 
the finding of reduced granulation in the 
beta cells of the islets in the starved rats. 
The presence of few negative Golgi images 
in histologic sections suggests that the effect 
is related to a reduced activity of the islets, 
a suggestion that is supported by the finding 
that the insulin content of the pancreas and 
beta cell granulation are still further dimin- 
ished if the fasted animals are injected with 
insulin.®^ 

While over short periods, with complete 
starvation, a reduction in the islet volume 
was not observed, yet if young animals are 
undernourished for longer periods of time 
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an influence on islet growth can be demon- 
strated.®' When the intake of a balanced 
diet is just sufficient to maintain body weight 
but insufficient for growth, it is found after 
three to five weeks that the islets in the 
undernourished group have failed to grow, 
i.e., they do not show the normal increase 
in islet volume with age. The effects of fast- 
ing and undernutrition on islet growth and 
function are probably due to the restriction 
of carbohydrate intake. The insulin content 
of the pancreas is much less after a period 
on a diet very rich in fat than it is when an 
equicaloric amount of sugar is given.®® 

As a result of fasting or undernutrition 
marked changes in carbohydrate metab- 
olism have been reported, grouped usually 
under the inclusive term “hunger diabetes.” 
The response to the ingestion of carbohy- 
drate is similar to that of the diabetic. There 
is hyperglycemia and glycosuria and a high, 
prolonged glucose tolerance curve. How- 
ever, these animals differ from the diabetic 
in that successive doses of carbohydrate 
improve the condition. It is conceivable 
that the altered response to carbohydrate 
by the tissues of the starved animal results 
from a reduced continuous supply of insulin. 
Most studies, however, indicate that insulin 
administration increases the carbohydrate 
tolerance a little but does not restore it 
completely. The effect of a continuous in- 
jection of insulin should be tested. 

Dr. Lundbaek, of Copenhagen, and Dr. 
Goranson, of Toronto, have shown that in 
the rat fasting, even for short periods of time, 
causes a definite increase in the phosphoryl- 
ase activity of muscle.®® This is due to an 
increase in the relative proportion of the 
active a form of phosphorylase as compared 
to the inactive b form. The a or active form 
of phosphorylase is thought to be converted 
to the inactive b form through the action of 
the P-R (prosthetic-group removing) en- 
zyme. Hence an increase in phosphorylase a 
on fasting suggests that the action of this 
P-R enzyme has been diminished. The 
change in phosphorylase activity and pre- 
sumably of the P-R enzyme is quickly 
reversed by refeeding the fasted animal. An 
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increase in phosphorylase activity on fasting 
probably assists in the mobilization of 
glycogen stores at a time when no exoge- 
nous carbohydrate is available. 

It seems obvious that the effect of fasting 
on carbohydrate metabolism must be due 
to some alteration in the activity of those 
tissues which are important in the new 
production, storage, liberation or use of 
sugar. One of the important changes may 
be the increase in phosphorylase activity 
which has just been discussed. 

Diet also affects the volume of the islets 
of Langerhans. It has been shown by Tjen- 
ing that growing animals on a high fat diet 
for a long period of time have a smaller 
volume of islet tissue than those fed a high 
carbohydrate diet.^° The various factors 
mentioned, insulin administration, fasting 
or undernutrition and high fat or low car- 
bohydrate intake, appear to decrease the 
insulin content of pancreas and to diminish 
the growth of the islets in young rats as a 
compensation for a diminished need for 
endogenous insulin. 

The factors stimulating islet activity are 
those which increase the need for insulin. 
Young and his associates showed that injec- 
tions of crude saline extracts of the anterior 
pituitary gland lead to an increase in insulin 
content of pancreas^^ and to increased islet 
growth in young rats.'*^ We have confirmed 
the effect on islet growth.®'^ A positive cor- 
relation between islet size and the size of 
the pituitary has been reported by Tjening. 
While these facts point to a pituitary pan- 
creatrophic effect, the evidence that the 
pituitary gland normally exerts any essen- 
tial regulation of islet function is not at all 
convincing. Krischesky'*® reports an increase 
m islet tissue following hypophysectomy in 
the rat, although his published data could 
be interpreted as showing no significant 
change. In our studies it was found that 
hypophysectomy does not lead to any sig- 
nificant reduction in the insulin content of 
the pancreas or the islet volume below that 
of paired-fed control animals although the 
values obtained are considerably less than 
in control animals fed ad libitum.®' Any 
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effects that do occur in the hypophysectom- 
ized animals might be ascribed to under- 
nutrition. Moreover, the insulin-lowering 
effect of fat-feeding can still be obtained 
after removal of the pituitary gland and, 
having been lowered, the insulin content 
can be restored again to normal in such an 
animal by feeding a balanced diet.'*’* These 
findings would seem to indicate that the 
pituitary is not fundamentally involved in 
these changes. The pancreas seems able to 
regulate the production and liberation of 
insulin independently of the pituitary gland. 

Administration of desiccated thyroid also 
is reported to lead to an increase in the 
insulin content of pancreas'’® and it has been 
found that there is also an increase in the 
total bulk of the islets.®" The effect on islet 
volume could not be demonstrated satis- 
factorily until after forty days. This is 
interesting in view of the report by Houssay 
and associates that the diabetes of partially 
depancreatized rats disappears as a result 
of thyroid treatment.^® 

By far the most rapid effect on the growth 
of the islets, with the factors yet investi- 
gated, is obtained by the continuous injec- 
tion of glucose. This had been reported by 
Woerner to cause an increase in islet vol- 
ume in guinea pigs'*® but quantitative data 
were not available. It was found in the 
experiments at the University of Toronto 
that the continuous injection of glucose 
intravenously for seven to ten days caused 
a marked increase in the mass of islet tissue 
in growing rats.®’' In fact, the islet tissue was 
doubled in volume in this time. From this 
it would appear that in a normal, intact, 
growing rat the islet tissue is very labile 
and responds to stimulation by growth as 
well as secretion. Work done in order to find 
whether or not the effect is mediated by 
the pituitary gland has been inconclusive 
as yet. 

There is evidence that the activity of 
islet cells is stimulated by conditions elevat- 
ing the blood sugar level. Whether or not 
the elevated blood sugar acts as a direct 
stimulus for the islets or whether blood 
insulin level is involved cannot be decided 
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at present. The experiments of Anderson^’ 
on the isolated perfused pancreas support 
the view that blood sugar level is the im- 
portant factor. The recent experiments 
reported by Milman and Russell'*® are 
interesting in this regard. They found that 
highly purified growth hormone when in- 
jected intraperitoneally into normal male 
rats caused a significant and prolonged 
reduction in blood sugar level. In alloxanized 
or partially depancreatized rats, however, 
the injection of this material caused a rise 
in the blood sugar values. It is possible that 
the differences in the effects might be due to 
changes in the response of tissues in the 
presence of adequate or small amounts of 
insulin. It would seem more probable, how- 
ever, that the pituitary growth hormone 
produces hyperglycemic or contra-insulin 
effects, but in the presence of adequate islet 
tissue these lead to a sufficient secretion of 
insulin to cause hypoglycemia. Since the 
effect is very prolonged, it would suggest 
either that insulin secretion may be stimu- 
lated in the presence of a falling blood sugar 
level or that the insulin secreted by the 
pancreas has a very prolonged effect. The 
experiments lend support to the view that 
some factor other than blood sugar level, 
possibly blood insulin level, is important in 
the stimulation of the secretion of insulin 
by the islet cells. Another interesting experi- 
ment not supporting this view is that of 
Peterson*® who injected glucose quickly into 
the heart in large doses and found that in 
fifteen minutes there was degranulation of 
the beta cells of the islets. This degranula- 
tion was not prevented by the injection of 
insulin along with the glucose. 

Because a procedure leads to an increase 
in the islet tissue in the rat does not mean 
that such a procedure is good or bad as far 
as the prevention of diabetes is concerned. 
Growth, in these experiments, can be con- 
sidered as an evidence of islet stimulation. 

It will be apparent that the factors which 
we have cited as increasing the insulin con- 
tent or islet volume in the rat, namely, the 
administration of pituitary extract, thyroid 
extract or large amounts of sugar, are all 


Diabetes — Haist 

diabetogenic in the adult dog or cat, i.e., 
they help to produce diabetes in these 
animals. In the intact rat, diabetes probably 
does not occur either because the increase 
in functioning islet tissue is great enough or 
because these factors do not increase the 
need for insulin as greatly in the rat as in 
the dog. At all events the compensator)' 
increase in the insulin producing structures 
and in insulin secretion is great enough to 
prevent the onset of diabetes. 

We can conclude from these data that 
certain factors stimulate the islets and cer- 
tain factors depress them. In experimental 
animals the stimulating factors may produce 
diabetes; but if there is a sufficient com- 
pensatory increase in islet tissue and insulin 
secretion, diabetes may not occur. There is 
a species difference in this response and 
it is important to discover the reason for this 
difference. 

One further point should be mentioned 
and that is that those factors which reduce 
islet activity can prevent or at least reduce 
the damaging effects on the islets of other 
procedures which ordinarily stimulate the 
islets excessively."® Fasting, fat-feeding or 
insulin administration, for example, all tend 
to prevent the injurious effects of pituitary 
injections on the islets of dogs, and fasting 
or insulin administration prevents the islet 
changes in animals with extensive partial 
pancreatectomy. The obser\'ation of Hous- 
say and Martinez®* of an adverse effect of 
fat in 95 per cent depancreatized rats is 
difficult to reconcile with these findings and 
further clarification of the effect of fat is 
required. 

We know then that there are certain 
lactors which stimulate the islets and which 
when excessive, or under certain other 
conditions, may cause diabetes. It is appar- 
ent, too, that certain other factors depress 
islet activity and can prevent the excessive 
stimulation of the islet cells, hence can 
prevent most but not all forms of diabetes in 
experimental animals. The exception is the 
diabetes resulting from the administration 
of alloxan. 
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Much remains to be done in elucidating 
the cause of diabetes and in finding factors 
which influence islet growth. Perhaps human 
diabetes can be prevented or cured. Much 
experimental work must be done in the 
investigation of the complications of dia- 
betes, especially the vascular, renal and 
ocular changes. Investigations in this field 
are just beginning. Another problem re- 
quiring clarification is the effect of removal 
of the pancreas in alloxan diabetes, pituitary 
diabetes and human diabetes. Some report 
a decrease in insulin requirements^-’ and 
others no change.®'^ When a decrease is 
found, this may conceivably be due to an 
altered absorption of food materials or 
possibly to the removal of some influence 
of a pancreatic hyperglycemic factor. Hence 
the physiologic significance of the hyper- 
glycemic factor must be determined. 

We have mentioned the ways in which 
diabetes can be produced experimentally 
and have intimated that in all instances the 
existence of diabetes could be ascribed to a 
relative lack of insulin. Yet we have given 
no indication of how insulin acts or what 
essential changes are occurring in the tissues 
of the diabetic. We cannot at this point 
enter into a discussion of the mode of action 
of insulin. Its essential action is probably on 
some of the enzyme systems involved in the 
intermediate metabolism of carbohydrate. 
Cori and associates reported that insulin 
exerts an influence on the hexokinase 
system which is responsible for the phos- 
phorylation of glucose and the bringing of it 
into the metabolie chain in the tissue cells. 
Others have postulated different sites of 
action for insulin. Recently support has been 
found for a more generalized influence, 
namely, an increase in the efficiency of 
the coupling between phosphorylation and 
oxidation. 

Goranson"® has observed that the aerobic 
phosphorylation of creatine during succinate 
or malate oxidation in heart muscle prepa- 
rations from alloxan diabetic rats was 
significantly less than in the normal al- 
though no significant difference in oxygen 
uptake was noted. Insulin injected into the 
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alloxanized rats prior to the test caused no 
appreciable change in the oxygen consump- 
tion of heart muscle preparations but 
restored the ability of the tissue to syn- 
thesize phosphocreatine. This and other 
evidence led him to the conclusion that 
insulin participates directly in reactions in 
the tricarboxylic acid cycle leading to a 
more efficient coupling between the proc- 
esses of phosphorylation and oxidation. 
According to present concepts the synthesis 
of adenosine triphosphate and phospho- 
creadne represent the chief means whereby 
the potential energy of carbohydrate, and 
presumably of the breakdown products of 
fat and protein, too, is transferred to energy- 
utilizing systems. Hence the more efficient 
coupling between the processes of phos- 
phorylation and oxidation brought about 
by insulin would lead to an increase in the 
efficiency with which the potential energy 
of carbohydrate is made available for such 
endergonic processes as the synthesis of 
glycogen and other cellular components. 
Data are accumulating concerning the 
mode of action of insulin and one can 
assume that before long some fundamental 
action will be established. 

We are not satisfied, however, with the 
state of our knowledge concerning experi- 
mental diabetes. Let me end by quoting 
Oscar Minkowski,®' the man who first 
depancreatized a dog, produced and recog- 
nized experimental diabetes. “It may be 
useful ... to point out, which the dis- 
covery of insulin shows clearly, that scientific 
research which does not lead immediately 
to a practical end, sooner or later may have 
success in practice. Also it is not necessary 
to solve every problem regarding the ele- 
ments of nature in order to serve mankind. 
It is sufficient to search for the laws by 
which they work in order to master them.” 
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I N most instances the disturbed metab- 
olism of human diabetes mellitus is 
explainable on the basis of deficiency 
of insulin. In remarkably few cases, either 
preceding or following establishment of the 
diabetic state, is there clear evidence of 
disturbance of function of other glands of 
internal secretion which are known to play 
an important role in carbohydrate metab- 
olism. In the majority of cases of diabetes 
the function of the anterior pituitary, thy- 
roid and adrenal cortex is normal by all 
clinically available methods of measurement. 

Nevertheless, there is good evidence that 
hyperfunction of the anterior pituitary, 
thyroid or adrenal cortex may, in an oc- 
casional case, contribute to the development 
of diabetes in susceptible individuals, or 
may intensify diabetes which is already 
existing. By the same token, when hypo- 
function of these glands of internal secretion 
results from destructive lesions or surgical 
extirpation, existing diabetes may be amel- 
iorated in varying degrees. 

In some cases of tumors of the pituitary 
or adrenal cortex, or of hyperplasia of the 
adrenal cortex, diabetes occurs and is 
apparently due primarily to hyperfunction 
of the involved gland. In such instances the 
presence of other stigmas of hyperfunction 
of the gland in question usually serve to 
distinguish the associated diabetes from the 
commonly observed forms of the disease. 
Furthermore, in such cases all evidences of 
diabetes may disappear when and if normal 


function of the anterior pituitary or adrenal 
cortex is restored. 

Evidences of diabetes may also be ob- 
served in cases of thyrotoxicosis and may 
disappear with the restoration of normal 
function of the thyroid. Many authors 
regard these as cases of latent diabetes 
which are brought to light by the metabolic 
stress of hyperthyroidism rather than as 
cases of diabetes resulting solely from 
hyperthyroidism. 

Animal experimentation has gone far in 
elucidating the role of the anterior pituitary, 
thyroid and adrenal cortex in carbohydrate 
metabolism, particularly the disturbed car- 
bohydrate metabolism of experimental dia- 
betes. What has been learned in this field 
from the study of animals can occasionally 
be applied directly to the human being. 
It is our purpose to present a group of cases 
of diabetes mellitus from the records of the 
Mayo Clinic in which the development or 
behavior of the disease was modified by 
either hypofunction or hyperfunction of the 
anterior pituitary, thyroid or adrenal cortex, 
and to discuss briefly the physiologic 
principles involved. 

■ANTERIOR PITUITARY AND HUMAN DIABETES 

Diabetes Mellitus Associated with Acromegaly 
and with Hypopituitarism. That the anterior 
lobe of the pituitary body has profound 
effects on carbohydrate metabolism has 
been shown in many ways experimentally. 
Diabetes in depancreatized animals is 
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made milder by hypophysectomy, as was 
demonstrated by Houssay^ in his classic 
experiments. The diabetes of the Houssay 
animal is intensilicd by the administration 
of extracts of the anterior pituitary. Further- 
more, as shown by Young,- permanent 
diabetes can be induced in animals by the 
administration of extracts of the anterior 
lobe of the pituitary. These facts and other 
evidence would suggest that hyperfunc- 
tioning lesions of the anterior lobe of the 
pituitary in human beings might frequently 
be associated ^vith diabetes. This is at least 
partially true in that a higher incidence 
of diabetes occurs among patients with 
acromegaly than would be expected by 
chance. However, all patients with com- 
parable hyperfunctioning lesions of the 
anterior pituitary are not diabetic and it 
is possible that a fundamental deficiency 
of the islets of Langerhans must exist before 
a hyperactive lesion of the pituitary can 
produce diabetes. The diabetes in these 
cases usually is mild and relatively insensi- 
tive to insulin. When the lesion of the 
pituitary becomes inactive, either spon- 
taneously or as a result of treatment, the 
diabetes may become milder or may, for 
all practical purposes, disappear. The 
following case illustrates some of these 
points. 

Case i. A white ^voman, fifty-five years of 
age, was well until Oetober, 1948, when she 
noted the gradual onset of fatigue, pruritus 
vulvae, polydypsia, polyuria, loss of weight and 
blurring of vision. Glycosuria and a concentra- 
tion of blood sugar of 384 mg. per 100 cc. were 
discovered by her physician and a diabetic diet 
V'as prescribed. Insulin was not used. The dia- 
betes on her admission to the clinic a few Aveeks 
later was uncontrolled. 

The appearance of the patient at this time 
suggested acromegaly. Her hands and feet were 
large and she stated that the size of her glove 
had increased from 63^^ to 9 and that her shoes 

ad to be wider but no longer than formerly. 

hese changes had developed gradually during 
t e previous two years. On questioning she ad- 
mitted that headaches in the frontal region 
Meie rather frequently present in the mornings 
on arising. Prognathism was not present. Roent- 
november, 1949 
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genograms of the skull showed evidence of an 
enlarged sella turcica owing to an intrasellar 
tumor ivith decompression into the sphenoid 
sinus. A roentgenogram of a hand showed evi- 
dence considered typical of acromegaly. The 
value for blood sugar was 370 mg. per 100 cc. 
Urinary excretion of 17-ketosteroids was 11.7 
mg. in twenty-four hours. The concentration of 
phosphate in the plasma was 3.3 mg. per 100 cc. 
The basal metabolic rate was -T20 per cent. 
Visual fields were normal as were the ocular 
fundi. Results of neurologic examination were 
negative. 

Diagnoses of pituitary tumor with acromegaly 
and diabetes mellitus were made. The diabetes 
was brought under control with some difficulty, 
but in about five days the sugar in the urine was 
markedly reduced. A mixture of insulin con- 
taining 20 units of protamine zinc and 42 units 
of regular insulin was given each morning before 
breakfast. The diet consisted of 1,962 calories. 
Insulin reactions did not occur. A course of 
roentgen therapy was given for the tumor of the 
pituitary and the patient was permitted to 
return home and advised to continue use of the 
aforementioned dose of insulin and diet. 

When the patient returned in five weeks for a 
second course of roentgen therapy, she told of a 
striking change in the diabetes. During the first 
two weeks at home she continued to need a total 
of 62 units of insulin daily. An increased amount 
of sugar appeared in the urine during an upper 
respiratory infection. After this, however, there 
was a rapid drop in the requirement for insulin. 
During the second visit it was found that 1 0 units 
of protamine zinc insulin daily kept her urine 
free of sugar. On fasting the concentration of 
blood sugar was 147 mg. per 100 cc. Her strength 
had increased and she felt well. The second 
course of roentgen therapy was given. 

Again, after an interval of five weeks, the 
patient returned for a third course of roentgen 
therapy. At this time the dosage of insulin was 
6 units of protamine zinc daily. The urine was 
consistently free of sugar. 

She did well for the next two weeks and then 
symptoms of increased intracranial pressure 
developed rather rapidly with headaches, vomit- 
ing and finally unconsciousness. She was brought 
to the clinic and immediately hospitalized; a 
lumbar puncture was cautiously performed. 
This revealed a protein content of 110 mg. per 
100 cc. and 18 lymphocytes and 21 polymoi'pho- 
nuclear cells per cubic milliliter. The most 
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probable diagnosis was meningeal irritation 
associated with rupture of the intrasellar tumor. 
Treatment was conservative and recovery oc- 
curred slowly. During the period of increased 
stress the fasting blood sugar varied from 1 30 to 
168 mg. per 100 cc. Insulin was not required 
and there was no glycosuria. At the time of her 
dismissal she was not taking any insulin and was 
again feeling well. Visual fields still showed no 
encroachment. The basal metabolic rate was 
4-16 per cent. 

This patient had apparently had active 
acromegaly due to a tumor of the pituitary 
for about two years at the time diabetes 
developed. The diabetes was not mild but 
was rather insulin-insensitive. Roentgen ray 
treatment of the pituitary gland was fol- 
lowed in several weeks by a rapid decrease 
in the severity of the diabetes. It cannot be 
concluded with certainty that the ameliora- 
tion of the diabetic state was due solely to a 
decrease in function of the pituitary as the 
same type of change in severity of diabetes 
is occasionally seen when the disease is first 
brought under control. However, the fact 
that treatment for acromegaly was followed 
by such a profound change in the diabetes 
is highly suggestive. That the diabetes was 
actually milder after the treatment of the 
pituitary is further indicated by the fact 
that the stress of the severe illness described 
did not produce, temporarily, a more severe 
diabetic condition than was present before. 

Almy and Shorr® have recently described 
a case of diabetes mellitus made manifest by 
acromegaly which disappeared completely 
when hypofunction of the anterior pituitary 
appeared. An abstract of the case is given 
here because evidence for hypofunction of 
the pituitary is stronger than it is in our 
case. 

A man, forty years of age, had had acromegaly 
for fourteen years and diabetes for five years. 
The diabetes was relatively insensitive to 
insulin in that 60 units of protamine zinc insulin 
did not reduce the amount of sugar in the urine. 
The glucose tolerance curve indicated the 
presence of diabetes. Acute mastoiditis and 
basilar meningitis developed and mastoidectomy 
was performed. Eighteen days later the urine 


was free of sugar and fasting blood sugar and 
glucose tolerance curves became normal. Five 
years later he was still free of diabetes. During 
this period the sella turcica became reduced in 
size and the basal metabolic rate dropped to 
— 30 per cent. There was no evidence of 
adrenal insufficiency. The authors attributed 
the sudden disappearance of the diabetes to 
partial degeneration of the anterior pituitary 
with consequent reduction in the elaboration of 
the diabetogenic principle. 

Neither of these eases describes the ap- 
pearance of hypofunction of the anterior 
pituitary of a patient with true diabetes 
mellitus, that is, diabetes due solely to a 
deficiency of insulin. Such an occurrence 
must be exceedingly rare. A search of the 
records of the Mayo Clinic for the past 
fifteen years reveals no authenticated case. 
Theoretically such a patient should show 
amelioration of the diabetes, just as pan- 
creatic diabetes in the experimental animal 
is ameliorated by hypophysectomy. 

THYROID GLAND AND HUMAN DIABETES 

Diabetes Mellitus and Hyperthyroidism. An 
excess of thyroid hormone in non-diabetic 
individuals may produce glucose tolerance 
curves resembling those of patients with 
mild diabetes mellitus. This is probably due 
in part to an increased rate of absorption of 
glucose from the gastrointestinal tract and 
perhaps in part to impairment of the 
capacity of the liver to store glucose as 
glycogen. When hyperthyroidism develops 
in a case of diabetes, the decreased sugar 
tolerance already existing is further de- 
pressed and the diabetes becomes more 
severe. It is also important to note that 
diabetes may first become manifest with 
the onset of hyperthyroidism. All symptoms 
may easily be attributed to the uncon- 
trolled diabetes and the diagnosis of hyper- 
thyroidism overlooked. Any new diabetic 
who continues to lose weight and complains 
of excessive fatigue and nervousness after 
control of the diabetes has been accom- 
plished should be suspected of having 
hyperthyroidism. This is especially true if 
the diabetes proves to be unexpectedly 
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difficult to control. Some of these points are Partial control of the glycosuria was obtained 

illustrated in the following case reports. the day after operation with 90 units of insulin. 

The next three days after operation his insulin 
Case ii. A white male, thirty-four years of requirement gradually rose so that on the fourth 

age, was first seen at the clinic in April, 1934. postoperative day he was given 150 units. After 

He gave a history^ of diabetes mellitus of seven this there was a gradual decrease in the amount 



Fig. 1, The effect of thyroidectomy on excretion of glucose and requirement of insulin. (Case, n.) 


years’ duration. Control had been good on 
three doses of regular insulin daily averaging 
20 units each, for most of the seven years. How- 
ever, increasing difficulty had been experienced 
in his diabetic management during the two 
years prior to his admission to the clinic. During 
this period he had noted weakness, increased 
perspiration, nervousness and intermittent watery 
diarrhea. There were many periods of heavy 
glycosuria and many severe insulin reactions. 
He was hospitalized on admission to the clinic 
in an attempt to control the diabetes. He re- 
quired up to 115 units of regular insulin daily 
in divided doses. Even with this amount of in- 
sulin he excreted large amounts of glucose. (Fig. 
1.) On a diet containing 113 Gm. of carbohy- 
rate he excreted 98 Gm. of glucose in one 
period of twenty-four hours and 63 Gm. in 
another. Reactions were still frequent. A diag- 
nosis of exophthalmic goiter was made on the 
asis of the signs and symptoms. The basal 
metabolic rale was +18 per cent. He was given 
strong iodine solution (Lugol’s solution), 10 
TOps three times a day. With partial control of 
^ e uyperthyroidism by the iodine, his require- 
ment of insulin dropped to 60 units daily. A 
^Wtoidectomy was performed and 
- Gm. of tissue were removed. The pathologic 
lagnosis was parenchymatous hypertrophy. 

^'OVEMBCR 1040 


of insulin required to control the diabetes. 
Three weeks after operation the urine was free 
of sugar on 35 units of insulin in three doses 
daily. This was the smallest dose of insulin he 
had ever taken. 

Case hi. A white woman, forty-eight years 
of age, was first seen at the clinic in 1930, At 
this time a diagnosis of diabetes mellitus was 
made. Glycosuria was controlled on three doses 
of regular insulin a day. The total daily dosage 
was 40 units. During the next two years under 
her physician’s care she was able to discontinue 
the use of insulin. She remained well until two 
months before her second admission to the 
clinic in 1933 at which time she began to ex- 
perience weakness, palpitation, excessive perspi- 
ration, edema of the ankles and some loss of 
weight in spite of an excellent appetite. Shortly 
before her return to the clinic her blood sugar 
wms found to be 300 mg. per 100 cc. Insulin was 
again employed and at the time of her admission 
she was taking 45 units daily in three doses. 
Nevertheless, she was still excreting moderate 
amounts of glucose in the urine. A diagnosis of 
exophthalmic goiter was made. The basal me- 
tabolic rate was +26 per cent. Administration 
of strong iodine solution, 10 drops three times a 
day, was started. Partial control of the hyper- 
thyroidism was obtained but the insulin require- 



6oo 


Diabetes and Endocrine Glands — Balfour, Sprague 


ment increased until the day before operation, 
when 70 units were required. (Fig. 2.) After 
operation there %\'as increased difficulty in 
controlling the diabetes. On the ninth post- 
operative day 155 units of insulin were given 
with only fair control of the glycosuria. The 


C.\SE IV. This case has previously been dis- 
cussed by McDonough, Haines and Kepler.^ A 
man, forty-three years of age, came to the 
clinic in 1939 complaining of loss of weight, ease 
of fatigue, weakness and intolerance of heat of 
six months’ to one year’s duration. In addition. 
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Fig. 2. The marked increase in severity of diabetes after surgical trauma is well shown. (Case m.) 
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Fig. 3. Graphic illustration of the amelioration of the diabetic state by control of 
hyperthyroidism by the administration of strong iodine solution and thyroidectomy. 
(Case IV.) (From McDonough, F. E., Haines, S. F. and Kepler, E. J.q 
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diabetes then became milder and by the time of 
her dismissal, twenty-seven days after operation, 
five units of regular insulin before breakfast and 
five units before supper sufficed to keep her urine 
free of sugar. 


for six months before admission polyuria and 
polydypsia had been present. A diagnosis of 
diabetes mellitus had been made and trcalineni 
with diet had been started. The patient also 
gave a history' of thyroidectomy for exophthalmic 
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goiter in 1935 with good relief of symptoms. At 
the time of his admission to the clinic the value 
of the blood sugar was 278 mg. per 100 cc. and 
his basal metabolic rate was +23 per cent. Dif- 
fuse enlargement of the thyroid was noted. Diag- 
noses of recurrent exophthalmic goiter and 
diabetes mellitus were made and the patient 
was hospitalized for treatment. 

On the second day of hospitalization 160 
units of regular insulin were required and only 
partial control of the glycosuria was obtained. 
As is shown in Figure 3, in spite of this large 
amount of insulin 110 Gm. of glucose was 
excreted in the urine. Strong iodine solution 
was administered and the basal metabolic rate 
dropped to +7 per eent and the amount of 
insulin required dropped to 60 units daily. 
Control of the diabetes continued to .be good 
after operation and eleven days later only 
10 units of protamine zinc insulin were needed 
for control of the glycosuria. One month after 
dismissal the patient was able to discontinue 
the taking of insulin entirely without the reap- 
pearance of sugar in his urine. 

The patients in Cases ii and ni had had 
diabetes for some time before the onset of 
hyperthyroidism. In each case control of 
the diabetes had been relatively easy. How- 
ever, with the metabolic stress of hyper- 
thyroidism the diabetes became more severe. 
The patient in Case iv noted onset of tlie 
diabetes after hyperthyroidism had been 
present for some time. Partial control of 
the diabetes did not ameliorate the symp- 
toms of fatigue and weakness. After opera- 
tion all three patients showed a marked 
reduction in the amount of insulin required. 
In addition, the first two patients illustrate 
the increase in severity of diabetes which is 
usually seen for a short period after thyroid- 
ectomy when this combination of diseases 
is present. 

Biabeles Melliliis and Myxedema. A de- 
crease in thyroid function may produce 
effects on diabetic patients, the opposite of 
those seen with excess thyroid, that is, the 
diabetes may be ameliorated to some 
degree. However, the changes are not 
usually striking. Myxedema in non-diabetic 
persons may produce an increased tolerance 
to glucose administered orally. This effect 
November, 1949 


is due in part to decreased rate of absorp- 
tion from the gastrointestinal tract and, 
also, to decrease in general metabolism. 
Total lack of thyroid hormone would 
theoretically be helpful in controlling severe 
diabetes, and this has been attempted in at 
least one case (Case vi). Some of the effects 
of myxedema on human diabetes are 
illustrated in the following cases. 

Case v. A man, fifty-nine years of age, eame 
to the clinic in July, 1941. His main symptoms 
were related to coronary sclerosis with rather 
frequent attacks of angina pectoris. Diabetes 
mellitus had been discovered two weeks previ- 
ously. On physical examination it was found 
that the patient had a low-lying adenomatous 
goiter and persistent tachycardia. The basal 
metabolic rate was +20 per cent. The value for 
blood sugar was 242 mg. per 100 cc. The dia- 
betes was brought under fair control by diet 
and a mixture of 6 units of protamine zinc 
insulin and 18 units of regular insulin daily 
before breakfast. He was given strong iodine 
solution, 10 drops three times daily, and sent 
home to return in a month for thyroidectomy. 
During this period the diabetes was under good 
control although he still needed 24 units of 
insulin mixture a day. 

Upon his return to the clinic thyroidectomy 
was performed and the pathologic report was 
multiple adenomas in a gland showing paren- 
chymatous hypertrophy. There was rather 
marked intensification of the diabetes the first 
few days after operation, and 140 units of insulin 
were required on the fourth postoperative day. 
The amount of insulin required dropped rapidly 
thereafter. When the patient was dismissed 
three weeks after operation, the basal metabolic 
rate was —21 per cent. There were no clinical 
signs of myxedema. 

At home his insulin requirement continued to 
drop and t^vo months after operation he was 
taking a mixture of only 6 units of protamine 
zinc and 4 units of regular insulin. With this 
dose he was having mild insulin reactions. The 
insulin was soon stopped altogether and he con- 
tinued to be aglycosuric. In addition, rather 
frank signs of myxedema had developed. He 
returned to the clinic a few weeks later com- 
plaining of dry skin, sluggishness, fatigue and 
intolerance to cold. The basal metabolic rale 
was still —21 per cent. The concentration of 
cholesterol in the blood was 450 mg. per 100 cc. 



6o2 


Diabetes and Endocrine Glands — Balfour, Sprague 


The value for blood sugar was 170 mg. per 
100 cc. and there was no sugar in the urine. 
Treatment with 1 gr. (0.065 Gm.) of desiccated 
thyroid was begun but the patient was unable 
to stay in Rochester for observation. When he 
was next seen three years later, the diabetes was 
well controlled by 12 to 18 units of a mixture of 
insulin and the myxedema was controlled by 
desiccated thyroid. The basal metabolic rate 
was +1 per cent. 

Case vi. This is the report of a patient who 
underwent total thyroidectomy in the hope of 
making his severe diabetes easier to manage. The 
case has been reported in detail by Wilder, 
Foster and Pemberton,® and is included here 
only because it illustrates so well the effect of 
myxedema on diabetes. The patient, a white 
man twenty-six years of age, was first seen at the 
clinic in 1933. Diabetes mellitus had been 
present for eleven years. In spite of a rigid diet 
and 45 units of regular insulin daily there was 
considerable difficulty in controlling glycosuria, 
and insulin reactions occurred fairly frequently. 
There were no signs or symptoms of thyroid 
dysfunction and two basal metabolic rates were 
d-5 and +2 per cent. Fasting blood sugar 
measured 429 mg. per 100 cc. and the concen- 
tration of cholesterol in the blood was 208 mg. 
per 100 cc. On a weighed diet of 2,300 calories, 
containing 103 Gm. of carbohydrate, and a 
dose of 30 units of insulin per day, the patient 
before operation excreted an average of 36 Gm. 
of carbohydrate daily in his urine. 

The patient was aware of the hazards of total 
thyroidectomy and the uncertainty of the re- 
sults that might be obtained. At operation 10 
Gm. of histologically normal thyroid tissue was 
removed. Some tissue was preserved at the hilus 
of each lobe but the amount was not more than 
the size of a split pea. The parathyroid glands 
were not disturbed. The insulin requirement 
rose to 65 units on the fourth postoperative day. 
On this day 20 Gm. of glucose ^vere excreted in 
the urine and the intake was 84 Gm. Thereafter 
the insulin requirement dropped gradually and 
thirty days after operation the urine ^vas prac- 
tically free of sugar on 1 5 units of insulin while 
the diet ^\'as the same as before operation. The 
basal metabolic rate at this time was —29 per 
cent. 

\Vhile at home the patient kept an accurate 
account of the amount of sugar in the urine and 
insulin taken. Ten units was the average dose 


which was necessary to keep his urine free of 
sugar. 

Symptoms of myxedema appeared about 
sixty days after operation and 3 gr. (0.2 Gm.) 
of desiccated thyroid were given daily for a 
period of four days. The symptoms of myxedema 
began to regress but the insulin required on the 
fourth day was 30 units. Administration of 
desiccated thyroid was then stopped and two 
weeks later 10 units of insulin again kept the 
urine free of sugar. Thirty days later symptoms 
of myxedema reappeared. Three and a half 
months after operation the patient returned to 
the clinic and presented typical signs and symp- 
toms of myxedema. The daily insulin require- 
ment varied from eight to twelve units. The 
basal metabolic rate was —35 per cent. Control 
of myxedema, as far as gross evidence was con- 
cerned, was obtained on gr. (0.032 Gm.) of 
desiccated thyroid daily although the basal 
metabolic rate did not rise appreciably. On 
this dose the diabetes was controlled with 14 to 
16 units of insulin. The patient was reasonably 
comfortable but felt that he was not as well 
generally as he had been with only the diabetes 
to concern him. 

Case V illustrates the effect of both hyper- 
function and hypofunction of the thyroid 
on diabetes. Diabetes became manifest after 
hyperthyroidism had been present for some 
time. After thyroidectomy the diabetes be- 
came much less severe and, with the de- 
velopment of myxedema, small doses of 
insulin produced insulin reactions. Insulin 
was again needed when the myxedema was 
controlled although never in amounts equal 
to those required when hyperthyroidism 
was present. 

Case VI is included to illustrate the effect 
of a complete lack of thyroid hormone on 
diabetes. As can be seen, myxedema in this 
patient produced marked amelioration of 
the diabetes and control of the myxedema 
resulted in an increase in the severity of the 
diabetes. 

ADRENAL CORTEX AND HUMAN DIABETES 

Co-existing Diabetes Mellitus and Adrenal 
Cortical Insufficiency {Addison's Disease). Ab- 
lation of the adrenal glands from animals 
is followed by a decrease of the concentra- 
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tion of cai'bohydrate in the blood, liver and 
muscle. Hypoglycemia during fasting is a 
common manifestation of adrenal cortical 
insufficiency in some species, including the 
human being. Conversion of protein to 
carbohydrate is impaired. The rate of 
oxidation of administered glucose may be 
accelerated. Sensitivity to insulin may be 
strikingly increased. The rate of absorption 
of glucose from the intestinal tract is 
decreased. 

The aforementioned effects of adrenalec- 
tomy are strikingly illustrated in the dia- 
betic animal. There is marked amelioration 
of the diabetic state similai' to that produced 
by hypophysectomy. Excretion of glucose, 
nitrogen and ketone bodies diminishes. 
Sensitivity to insulin is augmented. The full 
intensity of diabetes can be restored by 
administration of suitable amounts of ad- 
renal cortical hormones which have carbo- 
hydrate activity, such as compound E 
(1 7-hydroxy- 1 1 -dehydrocorticosterone) or 
compound F (17-hydroxycorticosterone). 

The foregoing physiologic principles can 
be applied in varying degrees to patients 
who have co-existing Addison’s disease and 
diabetes mellitus, as illustrated by the 
following case reports. 

Case vii. The patient was first examined 
at the clinic in October, 1942, when she was 
thirty-seven years of age. A paternal uncle had 
diabetes. At the age of fifteen years she had been 
treated medically for thyrotoxicosis. At the age 
of twenty years she had experienced an attack 
of acute pelvic inflammatory disease. 

In 1934, at the age of twenty-nine years, she 
had been found to have diabetes mellitus. She 
had severe diabetic acidosis at the time the diag- 
nosis was made. For the next several years she 
took from 30 to 40 units of insulin daily, with 
fair to poor control of glycosuria. Pigmentation 
of the hands, face and neck was first noted by 
the patient and members of her family in 1939. 
Early in 1942 she began to note failure of 
strength and appetite. Soon she began to ex- 
perience nausea, occasional vomiting, hiccup 
and abdominal distress. Insulin reactions, which 
had formerly been infrequent, occurred almost 
daily. In June, '1942, it was suspected by her 
physicians that she might have Addison’s disease 
November, 1949 
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in addition to diabetes mellitus, and she was 
treated with injections of desoxycorticosterone 
acetate. She continued to have insulin reactions 
and the daily dose of insulin was gradually 
decreased. In September, 1942, the administra- 
tion of insulin was discontinued entirely. The 
urine remained consistently free of sugar. 

In the initial examination at the clinic the 
blood pressure was 64 mm. of mercury systolic 
and 40 mm. diastolic. She was weak and nause- 
ated. Pigmentation characteristic of Addison’s 
disease was present. There were large areas of 
vitiligo on the arms. The urine was free of sugar 
and the value of the blood sugar was 40 mg. per 
100 cc. The concentration of sodium in the 
serum was 128.7 mEq., chlorides 90.9 mEq. and 
potassium 5.1 mEq. per L. 

Emergency treatment with intravenous in- 
fusions of solutions of sodium chloride, glucose 
and adrenal cortical extract resulted in simul- 
taneous clinical improvement and reappear- 
ance of glycosuria and hyperglycemia. 

Subsequent investigations gave the following 
results: The urinary excretion of 17-ketosteroids 
was 0.6 mg. in twenty-four hours. Results of a 
water test (Robinson, Power and Kepler) were 
positive in parts i and ii. Repeated determina- 
tions of the serum sodium and chlorides under 
varying circumstances gave values as low as 
119 mEq. per L. for sodium and 88 mEq. per 
L. for chloride. The values for serum potassium 
and blood urea were, for the most part, within 
normal limits. The value of blood sugar on 
numerous occasions and under varying condi- 
tions of therapy varied from 40 to 492 mg. per 
100 cc. The daily urinary excretion of glucose 
varied from 0 to 142 Gm. Examination of the 
ocular fundi revealed a mild central punctate 
type of diabetic retinopathy. 

The patient was observed in the hospital on 
five different occasions between October, 1942, 
and October, 1945. When she was treated for 
adrenal insufficiency with desoxycorticosterone 
acetate alone, she exhibited unusual sensitivity 
to insulin. On one occasion she experienced a 
severe hypoglycemic reaction eight hours after 
receiving 4 units of insulin. On another occasion 
she experienced an insulin reaction three hours 
after the administration of 3 units of insulin. On 
several other occasions she had hypoglycemic 
reactions without having received insulin, 
particularly if food was withheld for more than 
a few hours. 
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On the other hand, when her adrenal in- 
sufficiency was treated with large doses of whole 
adrenal cortical extract, hog adrenal extract 
(lipoadrenal cortex) or 1 7-hydroxy- 11 -dehy- 
drocorticosterone (compound E), glycosuria 
increased and she was able to take as much as 


the concentration of blood sugar was sustained 
at a high level, glycosuria was marked, ketonu- 
ria was intense and excretion of nitrogen was 
significantly increased. In another study, not 
illustrated in Figure 4, definite effects similar to 
those obtained with compound E were observed 
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sugar, 
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Fig. 4 . Effects of 17-hydroxy-ll -dehydrocorticosterone (compound E) com- 
pared to those of desoxycorticosterone acetate, 1 1 -dehydrocorticosterone 
(compound A) and an extract of hog adrenal glands in Case vn. In each 
instance the hormone being studied was added to a basal treatment with 
desoxycorticosterone acetate. Data for blood sugar and urinary sugar, ace- 
tone and nitrogen during a period of fasting of twenty-four hours after 
withdrawal of insulin are shown. 


44 units of regular insulin daily in 2 doses with- 
out e.xperiencing symptoms of hypoglycemia. 

Observations of the influence of various pro- 
grams of treatment for adrenal insufficiency on 
the behavior of the diabetes were made during 
periods of fasting after withdrawal of insulin 
while the deficiency of salt and tvater of Addi- 
son’s disease teas controlled ts’ith desoxycortico- 
sterone acetate. (Fig. 4.) When insulin was not 
administered and she fasted during treatment 
with dcsox^’corticosterone acetate, compound 
A or hog adrenal extract in the doses shown, 
the amount of sugar in the blood and urine 
decreased and only slight ketonuria was present. 
By contrast, during treatment with compound E 


when a larger dose of hog adrenal extract was 
employed. 

In December, 1945, the patient became ill at 
home and was thought to have pelvic peritonitis. 
At that time her adrenal insufficiency was ap- 
parently well controlled with hog adrenal 
extract and deso.xycorticosterone acetate, as she 
was in diabetic acidosis in spite of taking 20 units 
of regular insulin daily. She died with hyper- 
pyrexia and clinical findings suggestive of pul- 
monary edema. 

At necropsy, the principal findings were pelvic 
peritonitis secondary to bilateral pyosalpinx, and 
atrophy of the adrenal cortices. cortical cells 
could be seen in sections of the adrenals. The 
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pancreas weighed 25 Gm. and grossly presented 
evidence of fatty infiltration. On microscopic 
examination the islets showed no pathologic 
change. • ... 

Case viii. A woman, thirty years of age/ was 
hospitalized on admission to the clinic, June 29, 
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had taken 20 to 30 units of protamine zinc 
insulin daily, and had noted a progressive 
failure of strength and a gradual increase in the 
frequency and severity of hypoglycemic reac- 
tions. In April, 1 946, she had first become aware 
of increased pigmentation of the face and hands. 
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Fig. 5. Comparative effects of desoxycorticosterone acetate, 11 -dehydro- 
corticosterone (compound A) and 17-hydroxy-ll -dehydrocorticosterone 
(compound E) in Case viii. Data for blood sugar and urinary sugar, acetone 
and nitrogen during a period of fasting after withdrawal of insulin are shown. 
In the latter two studies, involving the use of compound A and compound E, 
it was necessary to terminate the observations after nine hours of fasting 
because of the development of severe ketosis. 


J^ne, 1945, she had consulted her 
physician because of thirst, polyuria, weakness 
and loss of weight and had been found to have 
labetes mellitus. Weakness had been an unu- 
sually prominent symptom at that time. The 
urine became free of sugar when she took 30 
units of protamine zinc insulin daily for a week, 
t remained free of sugar without the use of 
insulin until October, 1945, when she had a sore 
t roat and glycosuria recurred. Since then she 
November, I949 


On admission to the hospital the patient pre- 
sented evidences of both adrenal insufficiency 
and uncontrolled diabetes. The blood pressure 
was 90 mm. of mercury systolic and 50 mm. 
diastolic. She was profoundly weak and nause- 
ated and hiccupped at frequent intervals. There 
was frank addisonian pigmentation of moderate 
degree. The urine contained sugar, grade 4, but 
no acetone or diactic acid. The value for blood 
sugar was 289 mg. per 100 cc. The serum sodium 
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was 126 mEq., chlorides 97.3 mEq., potassium 
6.8 mEq., carbon dioxide content 24.2 mEq. per 
L. and the blood urea 40 mg. per 100 cc. 

Subsequently additional data confirming the 
presence of Addison’s disease were obtained. 
The urinary’ excretion of 1 7-ketosteroids varied 
between 0.5 and 1.5 mg. per twenty-four hours 
on several occasions. A differential count of 
leukocytes sho\ved 47 per cent lymphocytes with 
a total count of 6,200 per cubic millimeter. 
Results of a water test (Robinson, Power and 
Kepler) were strongly positive in parts i and ii. 
A salt-deprivation test (Cutler, Power and 
IVilder) had to be terminated twelve hours after 
it was started because of symptoms of acute 
adrenal insufficiency, which were promptly 
corrected by an intravenous infusion of solution 
of sodium chloride and adrenal cortical ex- 
tract. A tuberculin test gave negative results. 

Studies of the influence of various programs of 
treatment for Addison’s disease on the behavior 
of the diabetes during periods of fasting after 
withdrawal of insulin, similar to the studies 
which had been carried out previously in Case 
vn, were made. During treatment with desoxy- 
corticosterone acetate the concentration of blood 
sugar decreased during fasting, and glycosuria 
and ketonuria were of only moderate intensity. 
(Fig. 5.) By contrast, when Addison’s disease 
was treated with 1 1 -dehydrocorticosterone (com- 
pound A) or 17-hydroxy-ll-dehydrocorticos- 
teronc (compound E), the diabetes \vas greatly 
intensified. In each instance severe ketosis 
developed within the first nine hours of fasting 
after withdrawal of insulin, so that it w'as neces- 
sary to terminate the observation and administer 
insulin and infusions of solutions of sodium 
chloride. The effects of 4 mg. of compound E 
every six hours appeared to be somewhat more 
marked than those of 25 mg. of compound A 
ever}’ six hours. 

After the metabolic studies which have been 
described ihe patient was permitted to return 
home. She was in good condition taking 2 doses 
of regular insulin daily totaling 28 units, 1 mg. 
of dcsoxycorticosterone acetate, 1 cc. of hos 
adrenal cortical e.xtract and 3 Gm. of sodium 
chloride in addition to that contained in her 
food. She died at home on February 14, 1947, 
several days after a severe hypoglycemic 
reaction. 

The history in each of the foregoing cases 
indicated some amelioration of diabetes 


with the onset of adrenal cortical insuffi- 
ciency. In Case vn the amelioration was 
marked, so that insulin was no longer 
necessary for control of glycosuria and, 
indeed, hypoglycemic reactions occurred 
even though insulin had not been adminis- 
tered. In Case viii, on the other hand, the 
amelioration of the diabetes was less 
marked, suggesting that the patient might 
have had a functioning remnant of adrenal 
cortical tissue which was producing a suffi- 
cient supply of carbohydrate-active steroid 
hormones to maintain a moderately severe 
diabetic state. 

The metabolic studies in each case indi- 
cate that the diabetic state could be greatly 
intensified by the administration of carbo- 
hydrate-active adrenal steroids but not 
by the administration of desoxycorticos- 
terone acetate alone. 

Diabetes Mellitus Associated with Hyper- 
functioning Lesions of the Adrenal Cortex. 
Diabetes mellitus which is sometimes ob- 
served in the case of patients who have 
hyperfunctioning lesions of the adrenal 
cortices is in all likelihood due to excessive 
production of adrenal cortical hormones 
which have predominant carbohydrate ac- 
tivity, that is, the 11 and 11—17 oxygenated 
steroids. The most potent of these are 
17-hydroxy-l 1 -dehydrocorticosterone (com- 
pound E) and 17-hydroxycorticosterone 
(compound F), the latter having slightly 
stronger effects than the former. 

Ingle and his associates®”® have produced 
the counterpart of human “steroid diabetes” 
in rats by the administration of relatively 
large doses of compound E or compound F. 
The diabetic state which is so produced has 
certain characteristics which differ from 
those of the diabetes which is commonly 
observed in children and young adults. (1) 
It is relatively insensitive to insulin, Ingle 
and associates having failed to control 
glycosuria completely in some of their rats 
with as much as 1,000 units of insulin daily- 
(2) It becomes mild when food is withheld 
so that glycosuria disappears. (3) Since one 
of the effects of the adrenal hormones which 
cause this type of diabetes is to stimulate the 
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formation of sugar from protein, it is asso- 
ciated with a negative nitrogen balance, 
even when glycosuria is minimal or absent. 

The following two cases seem to be exam- 
ples of “steroid diabetes” in human beings. 

Case ix. This case has previously been 
reported in detail by Sprague, Priestley and 
Dockerty.® A woman, forty-nine years of age, 
came to the clinic for examination in February, 
1941. A diagnosis of diabetes mellitus had been 
made three years previously and the condition 
had been treated with insulin in doses up to 
145 units daily. Hypoglycemic reactions had 
never occurred. 

Physical examination was negative except for 
a large, deep, movable mass in the right upper 
quadrant of the abdomen. The blood pressure 
was 160 mm. of mercury systolic and 94 mm. 
diastolic. The habitus was normal, the amount 
and distribution of hair on the body were 
normal, and except for atrophic changes in the 
vulva and vagina, there were no abnormalities 
of the external genitalia or pelvic organs. The 
menstrual history was normal and she was still 
menstruating regularly. Laboratory examina- 
tions were negative except for glycosuria and a 
fasting blood sugar which measured 252 mg. 
per 100 cc. 

During several days of study before surgical 
exploration of the abdominal mass the patient 
received each morning a combined dose of 
protamine zinc and regular insulin totaling 
between 30 and 68 units. As much as 28.7 Gm. 
of glucose Avere excreted in the urine in twenty- 
four hours. Ketone bodies were never found 
m the urine. There were no hypoglycemic 
reactions. 

Surgical exploration of the abdomen was 
performed on March 12, 1941. A tumor of the 
right adrenal cortex weighing 1,550 Gm. was 
removed. Histologic examination revealed that 
the lesion was an adenocarcinoma, grade 2. 

After the day of operation the urine remained 
consistently free of sugar. On the fifth post- 
operative day the value of blood sugar was 

8 mg. per 100 cc. The dose of insulin was 
gradually reduced and it was discontinued on 
t e sixteenth postoperative day. 

All subsequent investigations of the patient’s 
^rbohydrate metabolism gave normal results, 
ere was never any further evidence of dia- 

etes. A glucose tolerance test performed eight 
months after removal of the tumor gave a 
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normal result. Determinations of the fasting 
blood sugar at intervals up to eight years after 
the operation were all normal. 

Case x. A boy, fifteen years of age, came 
to the clinic on February 3, 1948, because of 
diabetes mellitus associated with weakness and 
loss of weight. Diabetes had been discovered in 
January, 1946. At that time it was also noted 
that his face was redder and rounder than 
formerly and pink striae had been observed on 
the thighs. Insulin was employed from that time 
until June, 1946. 

From June, 1946, to December, 1947, there 
was a complete remission of the diabetes. The 
abnormal redness and contour of the face also 
disappeared. In December, 1947, symptoms of 
diabetes, associated with redness and roundness 
of the face and marked weakness, reappeared. 
Glycosuria was again found, and insulin in 
doses up to 80 units daily was once more em- 
ployed. Even with this dose of insulin, glycosuria 
persisted and there were no insulin reactions. 

Physical examination on admission of the 
patient to the clinic revealed most of the classical 
features of Cushing’s syndrome, including hyper- 
tension, weakness, a full, round face of high 
color, acne, dry skin, keratosis pilaris, purplish 
striae, protuberant abdomen and a wasting 
of the arms and legs. Laboratory and roent- 
genologic studies disclosed hypochloremic, hypo- 
kaliemic alkalosis of marked degree, osteoporosis, 
lymphopenia, glycosuria and hyperglycemia. 
The fasting blood sugar was 245 mg. per 100 cc. 
The urinary excretion of 1 7-ketosteroids was 
77.5 mg. in twenty-four hours, the beta fraction 
being 18.5 per cent. The urinary excretion of 
corticosteroids was 17.1 mg. in twenty-four 
hours. The latter finding eventually led to the 
isolation of 17-hydroxycorticosterone (com- 
pound F) from the urine, 191 mg. of purified 
hormone being obtained from a twenty-five-day 
collection of urine. 

The clinical diagnosis was Cushing’s syndrome 
associated with diabetes mellitus. 

Metabolic studies^^ disclosed the following 
significant points: (1) The diabetes was severe 
and relatively insensitive to insulin, glycosuria 
being incompletely controlled with doses of 
insulin ranging from 20 to 130 units daily. (2) 
Balances for nitrogen, calcium and phosphorus 
were negative. (3) Glycosuria virtually disap- 
peared during fasting even though insulin was 
withheld. 
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The death of the patient after surgical resec- 
tion of the right adrenal gland, which was 
hyperplastic, precluded further metabolic study 
At necropsy, markedly hyperplastic adrenal 
cortices were found, the remaining portion of 
the right adrenal gland ivcighing 5 Gm and the 
left adrenal, 29 Gm 

The foregoing two cases are presumably 
instances of ‘'steroid diabetes” in man, 
analogous to that produced by Ingle and 
co-workers in rats by the administration of 
large doses of carbohydrate-active adrenal 
steroids The evidence in support of this 
analogy was particularly strong in Case x, 
for 17-hydroxycorticosterone (compound 
F). an adrenal steroid hormone known to 
ha\e strong carbohydrate activity, was iso- 
lated from the urine in considerable quan- 
tities.*® Fuithermore, the diabetes in this 
case was showm to have the characteristics 
of ‘‘steroid diabetes” in animals; namely, 
insensitivity to insulin, negative nitrogen 
balance even when glycosuria was minimal 
and mildness during fasting. 

In Case ix the evidence that the diabetes 
w'as due to excessive production by the 
adrenal cortical tumor of hormones which 
have carbohydrate activity, rather than to 
primary insulin deficiency, w'as also strong. 
All evidences of diabetes disappeared soon 
after removal of the tumor, just as it does in 
rats w’ith steroid diabetes when the ad- 
ministration of the diabetogenic adrenal 
steroid is interrupted. It can therefore be 
reasonably presumed in this case that the 
diabetes w'as due solely to overproduction of 
carbohydrate-active adrenal steroids, and 
that islet function w'as basically w'lthin 
noi mal limits 

SUMMARY 

.\s is true in the experimental animal, 
the behavior of diabetes mellitus in the 
human may be markedly altered by either 
hypofunctioning or hyperfunctioning lesions 
of the anterior pituitary, thyroid or adrenal 
cortex. In general, hypofunctioning lesions 
of these glands of internal secretion amelio- 
latc existing diabetes while hyperfunction- 
ing lesions intensify it. Hyperfunction of the 
anterior pituitaix* due to eosinophilic ade- 


noma, or of the adrenal cortex due to tumor 
or hyperplasia may apparently be the sole 
cause of diabetes in rare cases. 

Ten cases in w'hich diabetes mellitus w'as 
associated w'ith hypofunctioning and hypei - 
functioning lesions of the aforementioned 
glands have been presented. The basic 
physiology concerned in the alteration of 
the diabetic state by such lesions has been 
considered briefly It is emphasized that the 
observations which tvere made in these 
cases are not applicable to the majority of 
cases of diabetes, in which evidences of 
endocrine disease other than the diabetes 
itself are usually absent. 
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Pregnancy Complicating Diabetes* 

Priscilla White, m.d. 

Boston, Massachusetts 

D uring the past fifteen years a study Abnormalities in the obstetric course 
has been made at the George F. were common and included eclampsia four 

Baker Clinic of the New England times (1 per eent); an additional seventy- 

Deaconess Hospital to determine possible six patients (17 per eent) had hypertension 

causes and the means to prevent the high and albuminuria; eighty (18 per cent) had 

fetal wastage in diabetic pregnancies. The hypertension alone and thirty-four (8 per 

following report is a summary of the experi- cent) albuminuria alone. Nearly one-half 

ences with 439 viable diabetie pregnancy the number thus had evidence of hyper- 
cases in which assays for one or more of the tensive disorders or renal disease. Placenta 

sex hormones of pregnancy were deter- previa occurred onee; premature rupture 

mined. Viability in the infant was defined of membranes before the twentieth week 

by weight, namely, in excess of 960 Gm. with continuous loss of amniotic fluid for 

This series of 439 ineludes all consecutive weeks and months occurred four times. Two 

cases under personal observation. Excluded other deviations from normal obstetric 

from the report are consultation cases courses were frequently seen, namely, irrita- 

treated elsewhere and patients reporting bility of the uterus and hydramnios. These 

to the clinie for delivery but arriving too complications occurred in varying degrees 
late for significant studies for sex hormone in nearly all patients, 
excretion. , Diabetic crises, on the other hand, were 

The series appears to be unique because infrequent. Coma, defined as a lowering of 

it is characterized by the number of primi- tlie CO 2 content of the blood to 9 m.Eq., 

parac, the number of patients in whom the occurred in eight patients only, or 2 per 

onset of diabetes occurred in childhood and cent, and hypoglycemia of severity in four, 

youth and those in whom the duration of or 1 per cent. 

diabetes is long. Primiparae numbered The fetal fatalities are summarized in 
57 per cent of the series. The onset of Table i. Of the seventy-eight fetal deaths, 

diabetes had occurred under the age of thirty-four were stillbirths and forty-four 

twenty years in more than half (58 per cent) occurred in the early neonatal period. From 

and the duration was long, exceeding ten Table i it appears that fetal fatalities have 

years in 50 per cent. been influenced in varying degrees by (1) 

Although maternal mortality was low, poor control of maternal diabetes, (2) the 

for there was only one death or a case occurrence of congenital fetal defects, (3) 

mortality of 0.2 per cent, fetal fatalities the degree of maternal vascular disease, (4) 
numbered 78, or 18 per cent. The maternal prematurity, (5) duration of diabetes, (6) its 

death was technically so classified only. It age of inception and (7) the imbalance of 

occurred fifty days after delivery and was the sex hormones of pregnancy, 
proved by autopsy to be due to infectious Diabetic coma which may be taken as 
hepatitis. These vital statistics as well as the measure of the maximum degree of 

diose reported elsewhere indicate that fetal poor control of diabetes coincided with 5 per 

not maternal survival constitutes the pi'ob- cent of tire fetal fatalities. Indeed, only two 

Icm when pregnancy complicates diabetes. infants in this series survived a bout of dia- 

From the George F. Baker Clinic, New England Deaconess Hospital, Boston, Mass. 

J^ovembkr, 1949 
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betic coma. The harmful influence appeared 
to be more in relation to the occurrence of 
stillbirths than it did to neonatal deaths, 
for it coincided with intrauterine fetal death 
in 10 per cent of such cases. In only 2 per 
cent of the neonatal deaths was a bout of 
Table i 

relative freqliency of conditions associated with 


SEVENTV-EIGHT FETAL DEATHS 

Per 

A. Total: cent 

Eclampsia 1 

Diabetic coma . 5 

Congenital anomalies 9 

Arteriosclerosis 

Pelvic 20 

Total 33 

Hypertension and/or albuminuria 46 

Prematurity 46 

Long duration of diabetes (more than 10 years) 52 
Early age at onset of diabetes (under 10 years) 66 
Imbalance of sex hormones 97 

B. Comparison of Relative Frequency of Conditions 


B. Comparison of Relative Frequency of Conditions 
Associated s\ith Fetal Deaths Classified As Stillbirths 
and Neonatal Deaths" 



Still- 
births 
Per cent 

1 

Neo- 
natal 
Deaths 
Per cent 

Eclampsia 

0 

2 

Coma 

to 

2 

Congenital anomalies 

Arteriosclerosis 

3 

1 

15 

Pelvic 

24 

16 

Total 

33 

42 

Hypertension and/or albuminuria 

71 

52 

Prematurity 

32 

66 

Long duration of diabetes 

73 

37 

Early age at onset of diabetes 

74 

60 

Sex hormonal imbalance 

100 

97 


coma coincidental with the fatality. The 
reverse situation, hypoglycemia of severity, 
did not coincide with fetal fatalities. Con- 
vulsive episodes, one in an epileptic and 
the other during the administration of 
lithium salt substitute, coincided with an 
intrauterine death each. 

The most tragic of the harmful influences 
— tragic because it is unpredictable — is the 
occurrence of the congenital fetal defect. 
This coincided with 8 per cent of the fetal 
fatalities. Only one defect, or 3 per cent, 
was demonstrated in a stillborn infant. The 
lethal defect in this infant was the absence 


of both kidneys. Congenital anomalies 
coincided with 15 per cent of the neonatal 
deaths and included one instance each 
of hemorrhagic disease of the newborn, 
multiple skeletal defects and defect of the 
skull incompatible with survival, congenital 
heart, congenital pneumomediastinum and 
anencephaly. 

The most devastating of the harmful 
effects because of its influence in early as 
well as in late pregnancy periods was the 
degree of maternal vascular disease. Some 
evidence of arteriosclerosis was found with 
33 per cent of the fetal fatalities, 33 per 
cent of the stillbirths and 42 per cent of the 
neonatal deaths. When arteriosclerosis in 
the young diabetic had progressed so far 
that the pelvic blood vessels were calcified, 
the fetal survival for the entire period of 
pregnancy was 10 per cent only. In such a 
group, when everything which appears to 
promote successful outcome of diabetic 
pregnancies was carried out, the fetal 
survival in twenty-eight viable cases rose 
to 50 per cent. When the arteries of the 
pelvis are shown to be calcified by x-ray, 
involvement of the uterine and ovarian 
arteries is inferred. These are the first 
arteries in the body of the normal woman 
to undergo sclerotic changes and it would 
be unlikely that in the diffuse sclerosing 
process of the diabetic they would be ex- 
pected. Although the calcification demon- 
strable by x-ray suggests the medial type of 
sclerosis, internal changes and occlusive 
vascular disease characteristic of diabetes 
are also inferred. No uteri in this series of 
patients have been observed at the time of 
delivery. Hy'stcrectomies have not been per- 
formed and the one patient who came to 
autopsy fifty days after delivery did not 
have calcified pelvic arteries. The most 
striking case in this group is that of E. R- 
Case 1469, who died at the age of forty in 
December, 1948. Her death due to arterio- 
sclerotic cardiorenal disease occurred after 
thirty' y'cars of diabetes. Pregnancies had 
occurred ten y'ears. eight years and six y'cars 
prior to death. The first pregnancy termi- 
nated successfully in a living birth and the 
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child is well today. On autopsy the endo- 
metrium, myometrium and the arteries were 
described as those of a woman of seventy 
years of age. 

The importance of the vascular problem 
in obstetric diabetes cannot be overempha- 
sized. A survey of our former diabetic 
children, defined as patients in whom the 
onset of diabetes occurred under the age 
of fifteen, who then survived twenty years 
or more of diabetes, showed that 93 per 
cent had some evidence of vascular disease. 
Such lesions do not become manifest often 
under the age of twenty years and are rare 
when diabetes is of less than ten years’ 
duration. The specificity of the site of the 
attack in those in whom the disease starts 
in childhood is of great importance in the 
obstetric problem because destructive effects 
are seen in the retina and in the kidneys 
most commonly. (Table ii.) 

Hypertension and albuminuria, or hyper- 
tension alone or albuminuria alone, coin- 
cided with 46 per cent of the fetal fatalities 
and prematurity coincided with 46 per cent. 
In only 29 per cent of the stillbirths was 
evidence of hypertension or albuminuria 
lacking and 71 per cent of the cases had 
such abnormalities. To a lesser degree, but 
also in half the cases, hypertension, albu- 
minuria or both were associated with 
neonatal deaths. Of greatest importance 
from the viewpoint of the obstetric and 
medical management of the patient was 
the fact that 68 per cent of the stillbirths 
occurred late in pregnancy, from the thirty- 
sixth to the fortieth week, whereas only 
34 per cent of the neonatal deaths occurred 
after the thirty- fifth week. Long duration 
of diabetes and early onset of the disease 
Were associated with more than half of the 
fetal fatalities, namely, 53 and 66 per cent, 
respectively, the harmful influence being 
shown more in relation to stillbirths than 
to neonatal deaths. 

The most frequent of the harmful influ- 
ences, however, was the imbalance of the 
sex hormones of pregnancy, coinciding with 
per cent of the fetal fatalities and occur- 
nng in 90 per cent of our entire series of 
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patients. The abnormalities included a rise 
of chorionic gonadotropin between the 
twenty-third and thirty-fifth week of preg- 
nancy to a level of 200 rat units per 100 cc. 
of serum or above, a lowering of the excre- 
tion of estrogen with abnormal ratios of 


Table n 

DURATION OF DIABETES AND VASCULAR COMPLICATIONS 


Duration 
of Diabetes 
(Ycai-s) 

Retinal 
Arterio- 
sclerosis 
Per cent 

Retinitis 
Per cent 

Calcified 
Arteries 
Per cent 

Nephritis 
Per cent 

Under 10 

3 

3 

3 

2 

10-14 

10 

10 

8 

6 

15-19 

50 

45 

40 

30 

20 and over. . . . 

85 

75 

70 

40 


Age in Years and Vascular Complications 


Age in Years 





Under 20. . . . 

8 

2 

5 

2 

20-29 

60 

50 

50 

30 


the degradation products and lowered ex- 
cretion of pregnanediol glucuronidates. 

From the foregoing it is evident that our 
problem must concern the investigation of 
the causes and the means to prevent prema- 
ture delivery of the infant of the diabetic 
mother prior to the period of its viability 
(which appears to be later than that of the 
normal woman) and, secondly, the termina- 
tion of the pregnancy at the point of via- 
bility and before the dreaded late intra- 
uterine accident can occur. 

In addition to the chemical grading of 
patients, which has been previously reported 
upon, in 1948 clinical grading of the ob- 
stetric diabetic patient was made. This 
evaluation was based upon the pre-preg- 
nancy state and the designation was alpha- 
betical, A through F. Classes a through e 
referred to fetal risk and f to maternal risk. 
From the previous discussion it is evident 
that age at onset of diabetes, dui'ation, 
severity and degree of maternal vascular 
disease all influence the fetal survival un- 
favorably. Renal disease carries with it 
maternal hazards in the diabetic population 
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as well as the obstetric population at large. strable by x-ray. They numbered 7 per cent 


Therefore, the grading of the patients was 
as follows; 

Class A, with highest chance for fetal 
survival, includes patients in whom the 
diagnosis of diabetes was made upon a 


Table in 

SUMMARY OF 433* CASES DIVIDED ACCORDING TO SEX 
HORMONAL BALANCE 


Sex Hor- 
monal 
Balance 

No. of 
Cases 

1 

Eclamp- 

sia 

Per cent 

Hyper- 
tension 
j and 

I Albu- 

j minuria 
Percent 

Delii'ery 
Prior to 
34th 
Week 
Per cent 

1 

Fetal 

Sur- 

vival 

Per 

cent 

Abnormal 

1 

89 

3 

26 

17 

58 

Corrected 

297 

0.3 

16 

9 

89 

Normal. . . 

47 

0 

6 

0 

95 


* Cases of placenta previa — 1 ; premature rupture of 
membranes — 4; erythroblastosis — 1 excluded. 


glucose tolerance test which deviates but 
slightly from the normal. Such patients 
require no insulin and little dietary regula- 
tion. They numbered only 5 per cent of 
our 439 cases. 

Class B (29 per cent of this series) in- 
cluded patients whose diabetes started in 
adult life at the age of twenty or above, and 
those in whom the duration of the disease 
was less than ten years and those who were 
free from vascular disease. 

Class c (44 per cent of this scries) included 
patients whose diabetes was of long dura- 
tion, beUveen ten and nineteen years, those 
in whom the onset of diabetes occurred 
between ten and nineteen years of age or 
those who had minimal vascular disease, 
such as retinal arteriosclerosis or calcifica- 
tion of the vessels of the legs alone. 

Class D (14 per cent of the group) in- 
cluded patients whose diabetes was of 
t3vcnty or more yeans’ duration, or whose 
onset occurred under ten years or who had 
more evidence of vascular disease such as 
retinitis, transitory albuminuria or transi- 
tory hypertemion. 

Class i: included patients in whom calci- 
fication of the pelvic arteries was demon- 


of our senes. 

Class F (1 per cent) included all patients 
w’ith nephritis. 

In addition to the clinical classification 
the cases were divided as previously into 
three classes upon a chemical basis as 
follows; first, forty-seven cases in which no 
examination for chorionic gonadotropin 
exceeded 200 RU /lOO cc. of serum between 
the twenty-third and the thirty-fourth week 
and /or in whom the pregnandiol excretion 
did not fall below the level of minimal nor- 
mal excretion, according to the cur\^e of 
Venning and Browne; second, eighty-nine 
cases which did show chemical evidence of 
abnormal balance of the sex hormones of 
pregnancy; third, 297 cases which received 
sex hormone treatment. The fetal survival 
of the two first groups, shown in Table iii, 
was as follows; 58 per cent tvhen the lior- 
monal balance was abnormal and uncor- 
rected and 95 per cent when the hormonal 
balance was spontaneously normal. With 
added duration of diabetes and the inci- 
dence of diabetic arteriolarnephrosclerosis, 
the evaluation of pre-eclampsia in the group 
has become difficult. Hypertension and 
albuminuria occurred in 26 per cent of the 
patients in whom the hormonal balance was 
abnormal and in 6 per cent of those in whom 
it was spontaneously normal, and spontane- 
ous delivery before the thirty-fourth week- 
occurred in 17 per cent of the patients in 
whom the hormonal balance was abnormal 
and in none of those in whom the hormonal 
balance was completely normal. 

In order to prevent the high fetal wastage 
in obstetric diabetes, premature delivery 
and pre-eclampsia, the management sug- 
gested by the experience with the 439 cases 
includes, first, good treatment of diabetes; 
second, substitutional hormonal therapy; 
third, the correction of edema and hydram- 
nios; fourth, premature delivery and, fihfi- 
special care of the infant whose viability was 
obviously not that of the infant of the nor- 
mal woman of comparable period of gesta- 
tion and size. 
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The dietary prescription included calories 
adequate to meet the metabolic needs of 
mother and child, namely, 30 calories per 
Kg. of body weight throughout pregnancy. 
The protein intake was high, namely, 2 Gm. 
per Kg. of increasing body weight, and the 
carbohydrate liberal, from 180 to 250 Gm. 
daily. The fat was prescribed merely to 
complete the caloric prescription. 

The plan for insulin therapy has been 
based upon the prevention of accidents 
resulting from the extreme glycosuria due 
to the low renal threshold. With nearly 
normal levels for blood sugar these women 
may excrete 100 to 150 Gm. of sugar in 
twenty-four hours. When utilization of 
glucose falls below 100 Gm., ketosis sets in 
easily. Attempts to correct glycosuria with 
single massive doses of insulin favor the 
development of severe hypoglycemic shock. 
In the past a basic dose of long-acting 
insulin has been administered before break- 
fast and supplemented by three or four 
additional doses of rapidly acting insulin 
before breakfast, before lunch, before sup- 
per and even at bedtime. Twenty-four 
patients were adjusted to modified pro- 
tamine, NPH-50, insulin and of this num- 
ber 60 per cent were successfully treated 
with a single dose in twenty-four hours. 

The plan for hormonal therapy at present 
IS influenced by our clinical as well as 
chemical classification. A wide variety of 
forms of estrogenic and progestational 
therapy have been employed. Natural and 
synthetic estrogens included stilboestrol, 
progynon B, benzestrol and premarin. In a 
few patients oreton was used in place of 
progesterone. Administration has. included 


oral route, parenteral injection and im- 
plantation of pellets. The duration of 
therapy has varied from three to thirty-two 
Weeks. Adequate therapy is now defined as 
continuous and daily, certainly not less often 
than every second day. 

From our experience the present plan for 
sex hormone therapy has been developed 
as shown in Table iv. Glass a none. Glasses b 
c from 5 to 50 mg. of stilbestrol and 
Piouton daily, Class d from 10 to 75, 
^’ovember, 1949 


Classes e and f from 25 to 125 mg. of each 
intramuscularly daily. 

Therapy is started by choice as early as 
the sixth week and continued until the day 
before delivery. The husbands are taught 
the administration of the intramuscular 

Table iv 

SEX HORMONAL THERAPY IN MG. OF STILBESTROL AND 
PROLUTON ACCORDING TO WEEKLY PREGNANCY 
AND CLINICAL CLASSIFICATION 


Week of 
Pregnancy 

Stilbestrol and Proluton in mg. 
According to Class 

A 

B and C 

D 

E and F 

6-19 

0 

5 

10 

25 

20-23 

0 

10 

15 

50 

24-27 

0 

15 

25 

75 

28-31 

0 

25 

50 

100 

32 and up 

' 0 

50 

75 

125 



injections, for daily intramuscular injections 
of stilbestrol and progesterone are con- 
sidered the most efficacious form of treat- 
ment. Deviations from normal hormonal 
excretion levels have been used as the guide 
for regulation of doses of therapy. Thus if 
the level for chorionic gonadotropin re- 
mained high and /or the excretion of 
pregnandiol low, the patient has been ad- 
vised to advance her schedule to that of the 
next four- week period. Deviations from 
normal clinical course, such as abnormal 
gain in weight, edema, hydramnios, hyper- 
tension and /or albuminuria, have all been 
used as indications, too, for advancing 
therapy. 

The effect of sex hormonal therapy upon 
fetal survival was most favorable. The sur- 
vival rate rose from 58 to 89 per cent. To- 
day it has become difficult to evaluate the 
hypertension and albuminuria seen in the 
long-duration young diabetic. Since 1940 
every juvenile patient surviving fifteen 
years of diabetes and coming to autopsy at 
the Deaconess Hospital has shown inter- 
capillary glomerulosclerosis. Pregnancy may 
merely reveal the latent form of vascular 
nephritis. However, it is our clinical im- 
pression that the typical pre-eclampsia 
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which was seen in the shorter duration cases 
prior to 1936 is seen today but rarely. The 
incidence of hypertension and albuminuria 
fell from 26 to 16 per cent and premature 
delivery before the thirty-fourth week from 
17 to 9 per cent in the 297 patients treated 
continuously with substitutional hormonal 
therapy prior to the twentieth week. 

Although no side reactions were obser\'ed, 
fifty consecutive patients treated with a 
special form of stilbestrol developed hyper- 
plastic endometritis, requiring dilatation 
and curettage on one or more occasions and 
in some instances repeated blood transfusions. 

In our experience the use of oral stil- 
bestroJ alone was unsatisfactory. Lack of 
absorption was feared. Each pregnancy 
in a diabetic after ten years’ duration is a 
premium; therefore, those started with it 
were transferred usually to parenteral ad- 
ministration because of the frequent occur- 
rence of abnormalities in the clinical and 
chemical course. When oral stilbestrol was 
administered, the dose range was from 25 
to 350 mg. daily. 

Supplementing hormone therapy and 
directed against the disturbance of water 
balance, manifested by edema and hydram- 
nios. was the prescription of ammonium 
chloride in doses from 4 to 20 Gm. daily. 
(The latter was self-prescribed.) 

Patients whose diets were relatively low 
in sodium, especially in sodium chloride, 
were advised through the omission of table 
salt, the use of fresh butter, salt-free breads 
and fi'esh vegetables. Sodium bicarbonate 
was forbidden. 

The plan for deliver)’’ of the diabetic was 
influenced by our experience with stillbirths 
and our concept of diabetes and of the 
diabetic pregnancy. Rapid sex maturity is 
characteristic of diabetes in childhood. 
Rapid aging is characteristic of the disease 
in any period of life. This process of rapid 
maturity and rapid aging appears to be 
characteristic of the diabetic pregnancy. 
The large size of the fetus and the placenta, 
the fetal fat. growth of hair and nail de- 
velopment arc all suggestive of the maturing 
process. The intrauterine death or the 


premature termination of the pregnancy 
appears to be another manifestation of 
aging. The former may even be considered 
as comparable to gangrene in the young 
diabetic similar to the vascular changes in 
the eye and kidney. Since 68 per cent of the 
stillbirths occurred after the thirty-fifth 
week, premature delivery was elected. B)’ 
the method of trial and error the thirty- 
eighth week was sought, but hypertension, 
albuminuria or progressive hydramnios arc 
indications for an earlier delivery. Deviation 
from normal hormonal balance have not 
been used as guides for the timing of 
delivery. 

Cesarean section has been elected if the 
cervix has not been effaced. In fact, such 
deliveries have been done in 68 per cent, 
and 32 per cent only of these patients \verc 
delivered by the normal route. Cesarean 
sections have been done under spinal 
anesthesia without preliminary medication. 
An infusion of 1,000 cc. of 10 per cent 
glucose in distilled water is administered 
preoperatively and again six to eight hours 
after delivery. If long-acting insulins arc 
used, the last dose of insulin of any type in 
a planned delivery is given twenty-four 
hours prior to it. Normal deliveries arc 
conducted under spinal anesthesia. Seda- 
tion is held to minimal levels of 3 gr. of 
seconal and J^oo gf- of scopolamine. 

The care of the infant prenatally includes, 
when possible, the correction of tliosc 
abnormalities in which the infant of the 
diabetic mother differs from the infant of 
the normal woman. The differences in- 
cluded the large size, icterus, respirator)' 
embarrassment, instability of the blood 
sugar, splanchnomegaly and c-xccssivc cr)'- 
thropoesis of the liver and spleen. 

In the past, 80 per cent of the infants of 
diabetic mothers exceeded the expected 
weight for the period of gestation. Irre- 
spective of gestation period 68 per cent of 
the infants in this scries weighed less than 
8 pounds, 32 per cent more than 8 pounds. 
1 5 per cent more than 9, and 7 per cent onl) 
more than 10 pounds. The large size of the 
infant appears to be contributed to by three 
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factors; (1) edema, (2) obesity and (3) the 
splenomegaly. 

Instability of tlie blood sugar rather than 
true hypoglycemia appears to be charac- 
teristic of tlie infant who may show relative 
hyperglycemia at birth followed by pre- 
cipitous fall of blood sugar in four hours to 
a level of 40 mg. or below and subsequently 
a spontaneous rise of blood sugar in another 
four hours. Congenital anomalies compli- 
cated 80 per cent of these infants but in only 
10 per cent were they severe and in less than 
2 per cent of tlie cases lethal defects occur- 
red. Respiratory difhculty of the infant 
appears to be associated with an excess of 
fluid in the upper air passages and lungs. 
Better control of maternal diabetes to pre- 
vent obesity and instability of the infant’s 
blood sugar, better control of the disturbed 
water balance by high protein diets, salt 
restriction, ammonium chloride and sex 
hormonal therapy, better control of hor- 
monal imbalance to prevent the irritable 
uterus, premature delivery and pre-eclamp- 
sia have all been sought. 

The postnatal handling of the infant has 
been reported in detail by Gellis, White and 
Pfeffer.^ It is directed against the respiratory 
difficulty. The clinical picture of the first 
few hours after delivery of those infants not 
progressing satisfactorily is the following; 
At birth the infant usually cries well and 
vigorously. It appears to aerate satisfactorily 
but within one or two hours exhibits a 
complaining cry. Evidence of costophrenic 
and intercostal retraction are observed. 
Bouts of cyanosis, apnea and sweating fol- 
low, and death may ensue eighteen to 
thirty-six hours after delivery. Autopsies 
have shown little evidence for adequate 
cause of death except for the atelectasis of 
the lungs. The postnatal handling of these 
infants now includes (1) postural draining; 
I ) aspiration of the upper air passages with 
suction and a No. 10 catheter; (3) aspira- 
Uon of the stomach with suction and a 

o- 10 catheter and (4) the placing of the 
infant in an oxygen incubator where it will 
remain for a period of five days. Dehydra- 
tion is accomplished by the postponement 
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of parenteral or oral fluid for a period of 
forty-eight hours. A striking reduction in 
morbidity has followed these procedures. 

The postpartum course of the mothers has 
usually been uncomplicated. Hypoglycemia 
has occurred infrequently only. Lactation 
has seldom been adequate. There have 
been four instances of thrombophlebitis, one 
of pelvic peritonitis and one of postpartum 
hemorrhage. The diabetie susceptibility to 
pyelonephritis has been evident in this 
group, but otherwise the postoperative, 
postdelivery course has been relatively 
uncomplicated. 

A follow-up of the mothers shows that 
two (0.5 per cent) subsequently developed 
carcinoma. Case 1 3335 developed carcinoma 
of the breast and Case 27580 carcinoma of 
the esophagus. Neither of these patients had 
received hormonal therapy. Four of the 
patients subsequently died, three of cardio- 
renal disease and one of diabetic coma. A 
few have exhibited striking increase in 
tolerance for carbohydrate and no increase 
in severity of diabetes has been noted. 

The follow-up of the infants has shown 
that clinical diabetes developed once. In 
this instance the child of two diabetics 
showed the classical signs and symptoms of 
diabetes at the age of six years. Another 
patient not in this series had a glucose 
tolerance test which deviates slightly from 
the normal. Except for the high incidence 
of congenital defects, most of which have 
been slight in character, and obesity noted 
most commonly at the age of six, the course 
of the infants has been normal. 

Much that is controversial still exists in 
this problem of pregnancy complicating 
diabetes. That the clinical course in the 
obstetric diabetic patient is abnormal and 
that the fetal survival rate is significantly 
low are now two facts agreed upon by most 
students of the problem. In our experience 
in addition to sex hormonal imbalance, 
duration of diabetes and its coincidental 
vascular problems had an unfavorable 
effect upon the course and the fetal survival 
rate. Although the pre-diabetes or latent 
diabetes may have a harmful effect, it is 
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not comparable to that of long-standing 
diabetes. When diabetes had existed for 
more than twenty years, the fetal survival 
rate in patients receiving treatment for 
diabetes alone for tlie entire period has been 
only 20 per cent; and when vascular disease 
had progressed so far that the pelvic arteries 
were calcified and the treatment employed 
was that for diabetes alone, in our experi- 
ence, the fetal sur\nval was only 1 0 per cent. 

The controversial points include an 
explanation of the mechanism, particularly 
which of the endocrine glands is primarily 
at fault, the placenta, the pituitary, the 
adrenal or all three. Abnormalities of 
placental sex hormonal balance have been 
demonstrated. Normal or elevated excre- 
tion of 17-ketosteroids, normal eosinophile 
count in treated cases suggest that in this 
group the function of the pituitary and the 
adrenal cortex at least in some respects are 
normal. With failure of se.x hormonal bal- 
ance, overfunction of the pituitary and 
subsequent ovcrfunction of adrenal cortex 
is not an illogical theory. 

Controversial, too, is the explanation of 
the size, the edema and the splanchnomegaly 
in the infant. Is it the response to pituitary', 
adrenal, cortical or chorionic gonadotropin, 
or perhaps to all three? Still more contro- 
versial is the concept of therapy. Is it 
stimulating or replacement? Clinical ex- 
perience suggests the latter. Newer methods 
for assays of estrogen may in a short time 
solve this problem. 

If we consider that the background favor- 


ing normal pregnancy includes normal 
function and structure of the pituitary, 
ovaries, uterus, placenta, liver and enzyme 
system, it is little wonder that the clinical 
course in the diabetic is abnormal and the 
fetal survival low; for the kidney in the 
young diabetic has revealed a latent vascu- 
lar disease, tlie enzyme system of the dia- 
betic is under suspicion, the function of the 
liver can be altered by abnormal deposition 
of glycogen and fat, tlie uterus and ovaries 
are those of suspicion, the placenta has 
failed in its production of sex hormones and, 
without the inhibiting influence of estrogen 
and progesterone, pituitary overactivity 
may occur. 

Thus diabetes through its disturbed 
metabolism, hormonal imbalance, the trans- 
mission of congenital defects and vascular 
disease does have a profound effect upon 
the course of pregnancy and the structure 
and behavior of the child. The disturbed 
metabolism and the hormonal imbalance 
are the correctible parts of our problem: 
and although the expected fetal survival in 
diabetes today is 90 per cent, only when 
the entire genetic and vascular problem of 
diabetes is solved will our experience be 
equal to the best in non-diabetic, obstetric 
and pediatric experience. 
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Arteriosclerosis and Diabetes' 


Joseph H. Barach, m.d. 
Pittsburgh, Pennsylvania 


T he relationship between diabetes 
and arteriosclerosis is a particularly 
intimate one. Arteriosclerosis, ^vhich 
can no longer be considered a disease ex- 
clusively of the second half of life, is being 
shown more and more to occur in the rela- 
tively young, particularly in diabetics. 
Additional data are needed, however, be- 
fore we may say that severe or uncontrolled 
diabetes or ketosis leads directly to more 
extensive arteriosclerosis than would de- 
velop in mild or controlled forms of the 
disease. 

Outstanding contributions toward the 
present day viewpoint have come from the 
observations of Dolger^^ who showed how 
few diabetics escape vascular lesions after 
fifteen or twenty years of the disease; of 
Dock^^ and others who called attention to 
the relative frequency of coronary arterio- 
sclerosis and infarction in the young; and 
of Priscilla White^ and associates, who went 
“all the way” in showing the high incidence 
of vascular lesions in the young and in very 
young diabetics. We now seem justified in 
speaking of the universality of arteriosclerosis 
in diabetes. 

The pathologist finds it convenient to 
divide arteriosclerosis into three types; (1) 
atherosclerosis, which is considered to be 
essentially a disease of the intima, (2) 
naedial sclerosis, the Moenckeberg’s type'*" 
which in the main involves the media and 
(3) arteriolar sclerosis, which also includes 
intercapillary renal lesions. While all three 
nre found both in the non-diabetic and in 
the diabetic, they occur much earlier and 
more extensively in diabetics. It is athero- 
sclerosis with its intimal plaques that leads 
to coronary lesions and that in our day is of 


utmost clinical importance. Studies of these 
plaques in both their early and advanced 
stages have thrown some light on the 
mechanisms at work in the pre-thrombotic 
states but much more is yet to be learned 
along these lines. The pathologist would 
like to be able to tell us whether the 
cholesterol deposits are primary or second- 
ary and whether they are of endogenous or 
exogenous origin, but he does not have 
sufficient evidence to supply the final 
answers. 

Medial calcification, in the main, con- 
sists of deposits of calcium in the media of 
muscular arteries, particularly in those of 
the lower extremities. While the changes 
which precede calcium deposits are not too 
well understood, we do know that they are 
more complex than simple deposition of fat. 
Of clinical importance is the fact that 
medial calcification does not narrow the 
lumen of a vessel. That is why a diabetic 
may have marked medial calcification 
which does not lead to vascular narrowing 
and subsequently to gangrene. 

DISTRIBUTION OF ARTERIOSCLEROSIS IN 
ANIMALS AND MAN 

Arteriosclerosis is largely a human disease 
but is also found in carnivora and herbivora. 
It occurs in mammals, lower vertebrates 
and birds, more so in some species than in 
others. It is not common in monkeys, cats 
and dogs but does occur not infrequently in 
cows, horses, marsupials, parrots and shore 
birds which show medial sclerosis and 
plaques. Arteriosclerosis is not uncommon 
in chickens and geese fed or overfed for 
market. Physically active animals show less. 
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inactive birds like the goose and parrot show 
more arteriosclerosis. 

Many and varied accounts have been 
written on the incidence of arteriosclerosis as 
well as hypertension in certain races and 
tribes of mankind the world over. Arterio- 
sclerosis is notably absent among the poorer 
classes in Southern China, in certain regions 
in India particularly among vegetarians, in 
the Kenya Colony of Africa, in Puerto Rico 
and in the Eskimo. The Chinese referred to 
live largely on rice, with very little animal 
protein and animal fat. Arteriosclerosis is 
uncommon in Mohammedans who do not 
eat meat and in Puerto Rico where the diet 
is low in animal protein and fat. Necropsies 
in Okinawans by Steiner^^ revealed sclerosis 
of the aorta in only 7 of 150 autopsies and 
complications and sequelae of arterio- 
sclerosis were not seen at all. There were no 
cases of coronary occlusion. The diet of the 
Eskimo is not blubber as is commonly 
stated; actually he depends on the viscera 
and muscle of animals for his daily food. 
Kean and HammilE® in a recent report on 
the anthropatholog)’’ of hypertension find 
that in certain African tribes blood pressure 
docs not increase with advancing years as it 
docs in this country and in Europeans. This 
was also true for groups of poor Chinese who 
live on sparse diets but not so true for the 
wealthier ones. Panamanians have little 
hypertension and they sho^v no increasing 
pressure with advancing years. Zuni Indians 
have low arterial pressure. All of this is 
related more or less to the problem of 
arteriosclerosis. 

ETIOLOGY OF ARTERIOSCLEROSIS 

Here we would do well to consider the 
long and patient studies of Timothy Leary, 
who believes that atherosis (and arterio- 
sclerosis) is essentially a metabolic disease. 
Human beings have a limited capacity to 
destroy or e.xcretc cholesterol, which accu- 
mulates in the blood and tissues just as uric 
acid docs in the tophi of the joints and 
tendons of persons with gout. Cholesterol 
combines with fatt\ acids to form cholesterol 
esters. .According to the concept of Lcar%-, 


atherosclerosis is due to production of 
crystalline cholesterol esters during periods 
of excessive ingestion of cholesterol in the 
following sequence; (1) cholesterol is esteri- 
fied in the liver; (2) it is removed from the 
liver by Kupffer cells functioning as phago- 
cytes, carrying the crystalline esters through 
the lungs into the systemic circulation, 
finally invading the arterial intima and (3) 
these crystalline esters, Leary'^ contends, are 
just as irritating to the intima as silica is to 
lung tissue in silicosis. Leary contends that 
in this way deposit of fats leads to calcifica- 
tion, distortion of the artery and finally to 
the typical late effects and sequelae char- 
acteristic of arteriosclerosis. 

Wilens considers nutritional factors of 
major importance in the etiology of athero- 
sclerosis and arteriosclerosis. He notes that 
only too often lesions referred to as arterio- 
sclerosis actually are of the atherosclerotic 
type. Included among the clinical conse- 
quences of these atheromatous lesions of the 
intima are angina pectoris, apoplexy and 
gangrene of the extremities, all of which arc 
characterized by marked narrowing of the 
vascular channels. As a result of his studies 
Wilens is inclined to believe that such 
lesions might be prevented even though 
they cannot be healed or made to disappear. 
Wilens has observed histologic evidences of 
improvement or reversion of the lesions 
under certain conditions and believes that 
such lesions might even be brought under 
clinical control. During periods of marked 
loss in weight, says Wilens, the lipid content 
of intimal plaques may diminish or dis- 
appear. At necropsy he found that 67 per 
cent of persons without terminal weight 
loss had atherosclerosis while of those who 
had lost considerable weight only 38 per 
cent showed a comparable degree of athero- 
sclerosis. Weight loss of only a few months 
duration may be sufficient to cause reduc- 
tion or withdrawal of lipids with a reversal 
of the atherosclerotic process. At the same 
time Wilens is not prepared to accept the 
dictum that this disease is altogether a di.s- 
ordcr of nutrition, or to be more specific, a 
primary disorder of cholesterol metabolism. 
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Instead he proposes that the excess lipid 
material in the vessel wall might be of 
endogenous ratlier than of exogenous origin. 
Along witli cholesterol, such lipids as 
phosphatides and neutral fats also are 
present in atheromatous lesions. 

It has been realized for many years tliat 
infection is not an important factor in the 
etiology of arteriosclerosis and everything 
that is known bears out that viewpoint. It 
is known that during certain acute infections 
the blood cholesterol levels fall. During 
convalescence there is an up-and-down 
phase after which the formerly normal levels 
are re-established. Chronic infections, nota- 
bly tuberculosis, are not productive of 
arteriosclerosis; in fact, the tuberculous 
subject is strikingly free of arteriosclerotic 
lesions at necropsy. 

In so far as endocrine disturbances are 
concerned in their relationship to arterio- 
sclerosis, not enough is known concerning 
the function of the individual endocrines, of 
their various combined effects, their action 
and their interactions. It is known that 
testosterone and estradiol inhibit hyper- 
cholesterolemia and atherosclerosis in rab- 
bits. Pancreatectomy is followed by diabetes 
and diabetes is followed by arteriosclerosis. 
Radiation-induced or surgical thyroidec- 
tomy is followed by myxedema which in 
turn is followed by high cholesterol and 
atheromatosis. Thyrotoxicosis or thyroid 
extract in large doses reduces hypercholes- 
terolemia and atheromatosis. 

Age no longer is considered the dominant 
factor in arteriosclerosis. The decrescent 
period of life is the time when arterio- 
sclerosis is most frequently noted but it is 
not duration of the life span which of itself 
IS responsible. Arteriosclerosis occurs in 
time but it is not caused by time. The 
processes behind arteriosclerosis will in all 
probability be found to be biochemical and 
physical. 

Sex has been considered an important 
factor in predisposition to arteriosclerosis. 
While it seems that in non-diabetics there is 
more peripheral vascular disease in males 
than in females, in diabetics the number of 
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cases of foot gangrene that we see is about 
the same in both sexes. Obesity is much 
more prevalent in the female. These facts, 
of course, serve to emphasize the importance 
of diabetes and obesity as related to 
arteriosclerosis. 

Occupation has been considered signifi- 
cant in this connection; if this means any- 
thing at all, it is recognition of the fact that 
mechanical strain or injury, wherever and 
however it occurs, is added insult which 
quickens the cycle of pathologic events that 
follow. Wilens, as others before him, em- 
phasizes the importance of intravascular 
pressure plus the element of gravity which 
comes with the vertical posture. Intimal 
plaques are found more commonly in 
arteries in which the blood pressure is 
higher because of the upright position of 
the body. 

Inheritance is undoubtedly an important 
factor in arteriosclerosis. The importance of 
family history in diabetics with vascular 
disease needs no emphasis. It is our experi- 
ence that the diabetic in whom we find 
advanced arteriosclerosis frequently gives a 
history of cardiovascular disease in his 
antecedents. He also presents other evi- 
dences of the diabetic “anlage.” The 
diabetic with manifestations of impending- 
gangrene in his misshapen, calloused and 
bunioned feet will almost invariably tell the 
doctor, if the doctor will enquire, that his or 
her father or mother had feet or toes just 
like his own. The experienced clinician has 
long realized the importance and frequency 
of the inheritance factor in hypertension, 
arteriosclerosis, coronary disease and pe- 
ripheral vascular disease. The inheritance 
factor in xanthomatosis and hypercholes- 
terolemia is likewise well known. Here the 
studies of Wilkinson^® in essential familial 
hypercholesterolemia are of interest. Wilkin- 
son records four generations including 350 
individuals among whom 35 manifested the 
syndrome of high blood cholesterol, xan- 
thoma tuberosum, valvular heart disease, 
angina pectoris and electrocardiographic 
changes. Comparable findings were recently 
reported by Boas, Parets and Adlersberg^^ in 
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1 22 cases of pro\'ed coronary atherosclerosis 
before the age of fifty. 

Ov^ernutrition and obesity, whether the 
result of excessive feeding or abnormal heat 
conserv'ation or suboxidation, can be shown 
statistically to be conducive to arterio- 
sclerosis. In the obese hypercholesterolemia 
is twice as common as in the non-obese. As 
Wilens said, a thin person of fifty has less 
sclerosis than a fat one at the age of forty. 
Hypercholesterolemia is a common finding 
in obesity, hypertension, lipoid nephrosis, 
my.xedema and in uncontrolled diabetes. 
In our own experience when a diabetic in 
the hospital is brought under satisfactory 
control, in most if not all cases the blood 
cholesterol descends to a definitely lower 
level. 

With regard to alcohol there is little 
experimental evidence that alcoholics have 
more or less arteriosclerosis than non- 
alcoholics. When cholesterol and alcohol 
were given together, the blood cholesterol 
level was higher but neither the liver nor 
aorta showed arteriosclerotic lesions (Wert- 
heirn).* There is little evidence that the 
solvent action of alcohol on cholesterol aids 
in its diffusion or local concentration. It 
was noted by Ruffner (1921) that Moham- 
medan pilgrims who abstain from alcohol 
are relatively free of arteriosclerosis. Chronic 
alcoholics, who obtain a large portion of 
their daily caloric requirement from alcohol 
and therefore live on a relatively low diet, 
arc remarkably free of aortic atheromatosis 
and arteriosclerosis. 

Nicotine is known to cause cor'onar\' 
spasm and nicotine poisoning is without 
doubt a harmful factor. There is the tobacco 
angina, angina of effort which can be 
induced by smoking and the reduction of 
tolerance to exercise when the patient 
smokes one minute following exercise. Cer- 
tainly the mass of clinical evidence, in so 
far as coronary disease is concerned, over- 
whelmingly favors the idea that chronic 
nicotine poi.'oning is conducive to athero- 
sclerosis. especially coronary disease.’*’^'' 
Occlusive vascular disease is definitely more 
prevalent in dialjclics who smoke than in 


non-smokers. Smoking usually reduces pe- 
ripheral blood flow, increases pulse rate and 
blood pressure. In a few cases, especially in 
the elderly, these changes are less. This may 
be just as true whether the nicotine effect 
on the heart and vessels is direct or indirect. 

EXPERIMENT.AL PRODUCTION OF TYPIC.-VL 
.•\THEROM.A,S 

In the dog experimental production of 
typical atheromas is accomplished by the 
administration of large doses of cholesterol 
by mouth, more so if at the same time thio- 
uracil is given. In such animals choles- 
terolemia may reach 800 to 2,000 mg. per 
cent.^ Tween 80 and Triton A20, synthetic 
detergents given to rabbits intravenously, 
cause a striking increase in blood cholesterol 
and phospholipid levels. Alloxan diabetes 
produces lipemia, cholestcrolemia and ath- 
erosclerosis. On the other hand, others 
have reported that in cholesterol-fed rab- 
bits alloxan diabetes tends to reduce 
atherosclerosis. 

Interesting studies have been made by 
Steiner and co-workers who found that 
rabbits fed 1 Gm. cholesterol three times 
per week consistently show atheromatous 
lesions after forty days; if, however, choline 
in 0.5 Gm. doses is given simultaneously, 
atherosclerosis does not make its appearance 
up to the eightieth day. Doses of 1 Gm. of 
choline delay the lesions to 90 or 100 days. 
Feeding choline to old hens caused a reduc- 
tion of cholesterol in the blood, aorta and 
liver.-® Inositol and methionine, according 
to Hermann and others, reduce blood 
cholesterol levels; soya lecithin and thio- 
cyanate also reduce blood cholesterol levels. 

PROBLEMS FOR FUTURE RESEARCH 

Numerous questions having more or lc.ss 
bearing on the etiology of arteriosclerosis 
await further clarification and answers. 
Among the basic questions arc those relating 
to cholesterol and other lipids. \\'hat is the 
real significance of hypercholesterolemia? 
To what extent do restricted or semi- 
star\’ation diets influence In'perlipemia. 
Can an equilibrium be established between 
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ingested cholesterol or lipids, and cholesterol 
in the liver, brain, nervous system and the 
blood? Does the high incidence of arterio- 
sclerosis in diabetes reflect a cholesterol 
imbalance in the diabetic? Pancreatic ex- 
tract (lipocaic)-® has been said to exert 
delaying effects on athcrosis. Choline, 
inositol, methionine and soya lecithin have 
given favorable results in the restoration of 
normal cholesterol levels and possibly in the 
prevention of arteriosclerosis in experimen- 
tal arteriosclerosis. Of what value are they 
in preventing, minimizing or abolishing 
atheromatous lesions? Is the cholesterol 
particle under certain conditions subject to 
physiochemical alterations which prepare 
it for an abnormal role and ultimately lead 
to deposition on the intima of the blood 
vessels. Moreton' put forth the theory that 
the cumulative effect of many fatty meals 
over a lifetime, producing showers of large 
lipid particles in the plasma, is an under- 
lying cause of atherosclerosis in humans. 
These large particles pass with the lymph 
into the intima, inciting local reaction. 
Triglycerides and fatty acids arc resorbed 
but cholesterol remains. 

It is known that cholesterol occurs in all 
animal cells but is present in greater 
amounts in fat tissues, in the brain and 
in the spinal cord. Fat is a solvent and the 
vehicle for cholesterol, and rabbits fed 
cholesterol in oil seem to develop arterio- 
sclerosis earlier than those fed crystalline 
cholesterol. Cholesterol is taken in with 
fatty foods but can also be formed in the 
body from fats, protein and carbohydrate; 
any compound which an animal can con- 
vert to acetate can be utilized to make 
cholesterol. Cholesterol is the mother sub- 
stance of adrenocortical substance and sex 
hormones. It is a universal constituent of 
tissues but it is not a universal dietary consti- 
tuent. It exists in invisible combination 
in cells and in colloidal suspension in the 
flood. Under polarized light cholesterin 
. pennies visible as solid crystals and crystal- 
ine esters. 

Our knowledge of cholesterol synthesis 
nnd metabolism in the body is still frag- 
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mentary. Isotope technics introduced by 
Schoenheimer, Rittenberg and Bloch will 
doubtless throw additional light on the role 
of cholesterol metabolism in vascular dis- 
ease. Feeding experiments with deuterium- 
labelled cholesterol, followed by examining 
the isotope content of the liver, aorta, coro- 
nary vessels and blood plasma, open the 
possibility of estimating both exogenous and 
endogenous cholesterol that will mark a 
definite step forward. By feeding heavy 
water it was shown that half of the choles- 
terol hydrogen atoms have their origin in 
body water and that any compound which 
the animal can convert into acetate can be 
utilized in the synthesis of cholesterol by the 
liver. Neutral fats can be labelled with 
iodine’^* and plasma fat curves established 
for the normal and abnormal. Cholesterol 
tracers open up the possibility of studying 
the role of cholesterol from the time of 
ingestion to its deposit in organs and tissues, 
and to its final decomposition and rate of 
each of these steps. 

Another problem pertains to the mechani- 
cal effect of increased intravascular pressure 
as it exists in established hypertension. The 
mechanical factor is illustrated when an 
artery comes into contact with a bony 
surface, such as the misplaced subclavian 
artery in the case of a cervical rib; such an 
artery is more apt to become sclerotic than 
one imbedded in soft tissues. Another in- 
stance is that in poliomyelitis; when one leg 
or arm is involved, the blood vessels on the 
flaccid side show less sclerosis than those 
with normal muscle tone. In Ayerza’s 
disease it is the hypertension in the pul- 
monary circuit which is primary and the 
arteriosclerosis secondary. To what extent 
hydrostatic pressure effect is actually re- 
sponsible for the lodgment and diffusion of 
lipoid substance on and in the walls of blood 
vessels is not a settled question, although 
the concurrence of hypertension and arterio- 
sclerosis is well known. 

PROBLEMS AND PRINCIPLES OF TREATMENT 

There are today new and interesting- 
avenues of approach toward the possible 
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control of arteriosclerosis. Medical research, 
particularly in lower animals, indicates the 
possibility of arresting atherosclerotic proc- 
esses and perhaps of reversion of processes 
already begun. We accept the fact that 
deposits of cholesterol in the intima of blood 
vessels occur in the early stages and the 
question is whether this occurs because of 
excessive amounts of cholesterol in the 
circulating blood or whether there is some 
alteration in the cholesterol molecule itself 
which under certain conditions initiates the 
lesion. 

If excess cholesterol in the diabetic can 
be controlled or influenced favorably by 
the administration of insulin, will we do 
better from now on to use insulin more 
generously than we have in the past, at the 
same time avoiding hyperinsulinism? We 
have known for a long time that the large 
liver of young diabetics responds to gener- 
ous doses of insulin. Does this imply that 
insulin improves liver function or fat me- 
tabolism or the restoration of a more 
normal enzyme and cholesterol metab- 
olism, and ultimately may it delay or 
prevent artcriosclerosi.s? 

Our approach to the treatment of arterio- 
sclerosis, therefore, depends upon which 
viewpoints we accept as to its underlying 
causes and the relative importance of each. 
We can do nothing about the age of the 
patient but we may be able to do something 
about premature aging once we know how 
this depends on faulty nutrition. We can do 
little about hypertension until we know its 
origin and succeed in its control. ^Vc could 
do much, almost cver^-thing that might be 
necessary about diet control if only we knew 
just what should be done. If we admit that 
obesity is an underlying factor in athero- 
sclerosis, and autopsy findings indicate that 
it occurs twice as frequently as in emaciated 
individuals, the necessary steps become clear 
to that extent. If the obesity is brought 
alx)Ut by ingestion of excessive amounts of 
fatty foods, if the various fats and lipids act 
as vehicles for the difliision of cholesterol 
throimhout the rirculator\- system and if 
cholesterol, not readily mctal>olizcd. acts 


as a foreign substance and an irritant and 
destructive agent to the vessel wall, our 
method of approach again becomes clear, 
namely, avoidance of overeating and subse- 
quent obesity, a strictly low-fat and low- 
cholesterol intake by which we may elimi- 
nate two or three possibleunderlying causes— 
obesity, hypertension and hypercholestero- 
lemia. Strangely enough, this concept takes 
us back to Anitschikow'^ in 1913, the vcr\’ 
beginning of the still prevailing viewpoint 
in our day. 

If on the other hand cholesterol deposits 
in the intima and subintimal layers arc of 
endogenous origin, if the lipoids there arc 
elaborated within the arterial walls, control 
of these processes must be found in the 
darker recesses of the human metabolism. 
That would inevitably lead us into the fields 
of endocrine functions and enz^nne activi- 
ties, into the physiology and pathologic 
physiology of liver function and into still 
other even less known fields. Even that, it 
may be, is not entirely hopeless; for if wc 
may trust our other experiences, by restrict- 
ing fat intake to a minimum we would still 
be reducing the fat that feeds the fires of 
atherosclerosis. 

A basic question today is, whether fat is a 
final storage form of excess food which can 
only be burned and converted to carbon 
dioxide and water, or is it part of the 
metabolic pool of the body to which frag- 
ments arc being constantly added and from 
which they arc continuously being with- 
drawn for various uses? 

However all these questions may finally 
be answered, wc in our day must care for 
our patients in the light of present day 
knowledge. That calls for a sensible middle- 
of-the-road plan in keeping with the present 
and future probabilities of good treatment. 
Today, as far as I can see. our plan should 
aim at restoration and maintenance of a 
normal or ideal body weight: for this uc 
have adequate standards." Our second aim 
is to allow our patients an adequate daib 
protein intake sufficient to prevent pos<;ible 
nitrogen deficit and hypoproteincmia, «•'' 
may happen if we gave our patients less 
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than Yz Gm. protein per Kg. body weight. 
Our next aim must be to give the patient 
the smallest amount of fat that will make 
up a satisfactory diet; one which the sensi- 
ble patient will not refuse and one toward 
which he will cooperate with his doctor. 
For the diabetic this may neai'ly always be 
achieved with 75 to 90 Gm. of fat per day 
and there is also a choice in the kinds of fat. 
Today we are recommending the use of 
vegetable fats to a large extent, aiming 
thereby to reduce cholesterol intake. Until 
the time comes when it is proved that it is 
futile to recommend low-fat and low- 
cholesterol diets we will continue to advise 
against excessive use of eggs, milk, butter, 
lard, sweetbreads, fat meats, etc., all of 
them known to be rich in cholesterol and 
high in fat content. We advise the use of 
oleomargarine to replace butter, and vege- 
table oils to replace animal fats for 
cooking; skimmed milk or buttermilk as a 
beverage and minimal amounts of other fat 
foods. According to our figures the cho- 
lesterol content of everyday foods is about 
as follows: 1 egg contains about 0.3 Gm.; 
3 ounces of meat contain about 0.3 Gm.; 
milk contains about 0.2 Gm. per quart; 
3 ounces of liver contain about 0.3 Gm.; 
3 ounces of smooth muscle contain about 
0.2 Gm. cholesterol. 

Needless to say, we have no recognized 
specific medication against athero- or arte- 
riosclerosis. The use of choline, methionine, 
inositol, soya lecithin, etc., is still in the 
experimental stage and the results thus far 
reported in animals and man will require 
much more controlled observation to justify 
general clinical use. 
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Management of Diabetes in a General 

Medical Practice 


Russell M. Wilder, Jr., m.d. 
M inneapolis, M inncsota 


T he majority of patients with dia- 
betes are and must of necessity l^e 
cared for by physicians who do not 
regard themselves as specialists in this field. 

It is with this group of physicians in mind 
that this article has been written, the pur- 
pose being to describe a practical and 
simplified program of diabetic management. 

The program avoids on the one hand ex- 
cessively rigid control which may be time- 
consuming and costly, and on the other 
hand inadequate control which inevitably 
follows inattentiveness to the principles of 
satisfactory treatment. The treatment of 
diabetic emergencies, such as acidosis, is 
beyond the scope of this paper. I am con- 
cerned here primarily with the management 
of the diabetic patient who is ambulatory. 

No time should be lost in establishing 
adequate control in any patient in whom 
more than minimal glycosuria has been 
demonstrated. Such a patient is to be con- 
sidered a diabetic until or unless the 
glycosuria proves to be benign. The patient 
in whom glycosuria is more or less acci- 
dently discovered as a result of an office 
examination is not infrequently highly 
reluctant to enter the hospital and to assume 
what he is apt to regard as an unnecessary 
and unwarranted expense. The patient 
must be told that satisfactory treatment is 
based on accurate diagnosis. Fasting blood 
sugar determinations and (in borderline 
^ses) glucose tolerance tests may be needed. 

P f. equipped hospital will have 

acilities for laboratory investigation, not 
all of them likely to be available in the 
physician’s office. The need for highly 
accurate laboratory procedures should be 
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cited in urging hospital entry. There is a 
psychologic advantage in hospitalizing the 
diabetic patient shortly after his disease is 
discovered. If his physician regards his 
disease as serious enough to require hospital 
observation and instruction, the patient 
tends to be impressed by the potentially 
serious nature of his illness and is apt to 
receive his instruction in a more coopera- 
tive mood than might be attained in the 
physician’s office. It is well for the patient 
to concentrate almost exclusively on the 
management of his diabetes during this 
introductory phase when a period of 
hospitalization will not seriously interfere 
for long with his usual work and activities. 
Getting him away from the well meaning 
but often ill advised sympathy of his friends 
and family is helpful. Finally, hospital in- 
struction of the patient with the concen- 
trated cooperation of the resident staff, 
nursing staff, dietetics department and the 
physician means an inestimable saving in 
time for both the patient and his doctor. 

The patient is admitted to his room and 
instructed first in the collection of urine 
specimens for testing. A good routine in- 
volves testing a freshly voided urine specimen 
four times a day, before meals and at bed- 
time. The patient (and the nursing depart- 
ment) must thoroughly understand that a 
fresh specimen means urine which has been 
recently filtered through the glomeruli. The 
bladder must be emptied about half an hour 
before the test specimens are obtained in 
order that they may represent a fairly 
accurate index of the corresponding blood 
sugar values for the same time period, and 
contain a relatively small proportion, if any, 
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of “overflow glucose” spilled into the urine 
from a preceding meal. The nurses usually 
share the responsibility with tlie physician 
for teaching the patient to test his urine, 
using cither qualitative Benedict’s solution 
or the handier self-heating compressed 
testing tablets. Twenty-four hours after 
admission most patients test their own urine 
with only minimal super\’ision. 

The diabetic patient deserves a pains- 
takingly thorough physical examination 
with perhaps more than usual emphasis on 
the skin, mouth and odor of the breath 
(acetone); the height and weight; and ex- 
amination of the ocular media and fundi. 
Not infrequently diabetes can be suspected 
from lens or retinal changes, and the 
physician who secs patients with diabetes 
will find his ophthalmoscope one of his 
most valuable aids. However, the physi- 
cian’s findings ought periodically to be 
checked against those of a competent 
ophthalmologist to be sure that develop- 
ment and progression of cataracts and 
diabetic retinopathy arc not overlooked. 

The size of the liver should be estimated 
by percussion and palpation. The status of 
the peripheral circulation especially in 
regard to presence or absence of pulsations 
in the arteries of the feet is of great impor- 
tance. Evidence of diabetic neuropathy 
must be searched for. Reflex changes and 
absent or diminished vibration sensation in 
the lower extremities are particularly im- 
portant as probable early manifestations of 
•‘diabetic neuritis.” 

Before breakfast on the morning after 
ho'^pital admission blood is secured for 
determination of glucose and plasma cho- 
lesterol values, for hematologic c.xamination. 
for a Wassermann test and sedimentation 
rate. -A routine chest x-ray ought to be part 
of the initial examination. The need for 
other ialxtratory procedure such as the basal 
metalxtlic rate, other x-rays, such as those 
of the feet or pelvis for calcification of 
.-'.rteries. or of the stomach, gallbladder or 
colon, must be determined from the history 
and 'findings nf the physical examination. 
If there is suspicion of chronic pancreatitis 


a fiat plate of the region of the pancreas for 
evidence of calcinosis of the pancreas should 
be obtained before the roentgenologic 
study of the stomach, gallbladder or colon. 

The diabetic customarily starts his dietary 
program with regimen containing 1,200 to 
1,800 calories, which is to serve only as a 
temporary diet until a formula can be 
tailored to fit his needs. If, however, the 
fasting blood sugar level is found to be 
normal so that the diagnosis of diabetes 
mellitus is questionable and a glucose toler- 
ance test is decided upon, the patient must 
be given a general diet with a generous 
proportion of carbohydrate for at least two 
days before the test is made. It will be 
remembered that a normal individual who 
has been subjected to a diet restricted in 
carbohydrates for as short a period as 
twenty-four hours or who has been sub- 
jected to prolonged fasting may show a 
diabetic response to a glucose tolerance 
test. 

A fairly common oversight in the instruc- 
tion of the diabetic patient in the dietary 
management of his disease is the apparent 
assumption that a patient who is in a 
hospital bed and who is satisfactorily con- 
trolled on say 1,800 calorics with a small 
dosage of protamine insulin will do equally 
well when he is out of bed and actively at 
work. The error is serious because the pa- 
tient gets hungry when he is working, has 
to cat more to feel comfortable and then is 
cither bothered by a guilty conscience when 
he next secs his physician or avoids his next 
appointment entirely. This mistake can 
easily be avoided by carefully going over 
the patient’s usual activities with him and 
basing the prescription for the dismissal diet 
on his probable daily energy c.xpcnditurc. 

Using cither the Boothby and Berlcson 
nomogram or a convenient slide rule, a 
forty year old male patient whose ideal 
weight is 160 pounds and who is 5 feel, 
10 inches in height will be found to need 
1.740 calorics as his basal requirement (rc.-i 
in bed or chair). For sedentary work 30 per 
cent should be added to this figure and for 
moderately heavy work 40 to 50 per cent. 
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If he is moderately active, he will need 
2,450 calories; while on a day that he plays 
several sets of strenuous tennis or eighteen 
holes of golf, his need will increase to 
2,600 calories or more. 

When a diet order is written after the 
patient’s admission to the hospital, it is well 
to make sure that this is not interpreted by 
the patient or by the dietitian as a dis- 
charge program. In general the patient will 
need an increased caloric intake of approxi- 
mately 20 per cent over his hospital diet 
when he goes home, unless a weight reduc- 
tion program is in order. 

One drawback to the hospital instruction 
of the otherwise ambulatory diabetic lies 
in the enforced inactivity commonly associ- 
ated with institutionalization. This can 
largely be avoided, the patient’s insulin re- 
quirement lowered and his status more 
closely brought to approximate that of his 
daily home life if, after the first twenty-four 
to forty-eight hours, he is urged to get out 
of the hospital several times each day to 
take some moderate form of exercise such 
as a brisk half hour walk. In this way an 
artificial situation can be produced which 
roughly mimics his average daily activity 
at home and gives the physician a more 
secure basis for judging both dietary and 
insulin requirements than can be deter- 
mined otherwise from hospital observation 
alone. 

Once the patient’s diet prescriptions 
have been written, the details of dietary 
management, food substitutions and the 
weighing or measuring of food portions may 
be safely entrusted to the hospital dietitian. 

te should be able to secure the complete 
cooperation of that member of the house- 
hold who will be responsible for planning 
and cooking the meals. However, even 
t ough the patient does not actually per- 
orm the meal planning or cooking, he 
s ould be carefully instructed in the funda- 
mentals of his diet to take care of situations 
m which meals are eaten away from home 
°'^.^^''bich he has to prepare his own meals. 

the patient whose diabetes is severe 
enough to require insulin for adequate 
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regulation is shown how to measure and 
regulate his dosage, and should be fully 
capable of continuing to administer his own 
insulin by the time he is ready to go home. 
Even those patients whose diabetes is ade- 
quately controlled by dietary restriction 
alone ought to have basic instruction in the 
administration of insulin to prepare them 
in case it should be needed at some future 
date. Such patients should have the ex- 
perience of self-injection of a minimal and 
harmless dosage of 5 units or less of un- 
modified insulin taken just before a meal. 

Approximately 50 per cent of one’s dia- 
betic patients will be capable of regulation 
without insulin. Another 25 to 30 per cent 
will require less than 30 units of insulin 
daily; this group is best handled on prota- 
mine insulin in one daily injection. The 
remaining group of diabetics, the so-called 
“Group IV,” is apt to do poorly on prota- 
mine insulin alone. With dosages large 
enough to control day-time glycosuria 
night-time reactions are all too frequent. A 
smaller dosage of protamine-zinc insulin 
supplemented by unmodified insulin before 
each meal will give excellent control but 
leaves the patient with the unhappy pros- 
pect of giving himself three or four injections 
each day. 

On the whole, this group of severer 
diabetics does best on a mixture of prota- 
mine and unmodified insulin taken one- 
half hour before the morning meal. The 
first day or two of diabetic regulation in the 
hospital will give valuable clues as to the 
probable magnitude of the patient’s insulin 
needs so that by the second or third day one 
can switch to a mixed insulin dosage, 
changing the proportion and amounts of 
the two insulins depending upon the early 
morning and late afternoon urine tests. 
The principle of mixed insulin technics has 
been adequately and thoroughly discussed 
elsewhere. For the majority of these dia- 
betics a mixture containing a ratio of 
regular to protamine insulin of 2 : 1 seems 
to be most satisfactory, although the mixed 
insulin technic is sufficiently flexible to be 
adapted to almost any type of insulin 
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requirement, .such as 1:1, 13^:1, 2:1, 3:1, 
and even 4 and 5:1. The development of 
new insulin currently designated NPH-50 
and now on clinical triar* promises even 
simpler regulation for these scv'crer dia- 
betics. Many of the milder diabetics who 
do satisfactorily on a 2:1 insulin ratio (two 
parts of regular to one part of protamine 
insulin) also apparently are well controlled 
on globin insulin. I have used globin insulin 
satisfactorily in relatively few cases with 
excellent day-time control and reasonably 
good night-time control. 

The patient using insulin must be care- 
fully informed about insulin reactions: how 
to prevent them, how to recognize them 
and how to treat them. He must thoroughly 
understand that when the specimens of 
urine are continuously sugar-free for several 
days, the dose of insulin is to be reduced by 
at least 2 units. He must regard anv un- 
usual symptoms as possibly meaning the 
onset of a reaction, in particular any 
increased perspiration, any tremor or double 
vision. Finally, he must always carry sugar 
in some form on his person (loaf sugar is 
best) and must immediately take a loaf or 
two of sugar or the equivalent of this when 
symptoms of reaction— unusual perspira- 
tion with tremor and weakness -have 
developed. 

The behavior of a person in a more severe 
reariion suggests inebriation: later coma 
'juperecnes. To avoid the embarrassment 
thtii thi<: may occasion and to insure early 
treatment, every diabetic ought to carry on 
his person a card which gives the following 
information: 

I have diabetes and iny present condition 
may he ouinc co .an overdose of instilin. Place 
<>ut;.\r or c.andy in my mouth. If it fails to re>tore 
me in fifteen minutes, call my physician or 'end 
me to n hospital. 

.\Iy n.arne is 

My physician i' Dr 

His .iddress is — 

His telephou'- ruimher is 

The patient ha' now learned aiyitit his 
dtabete- and hi' dietary requirements, he 


knows how to test his urine for sugar, he 
knows how to regulate and administer his 
insulin dosage, how to recognize insulin 
reactions and how to treat them. He has 
been in the hospital for a period varying 
from three days to a week and he is far 
better able to take care of himself than he 
was a few days previously. At this point he 
should realize that he is competent to man- 
age his diabetes from 90 to 95 per cent of 
the time, barring the development of 
complications. 

On his discharge from the hospital the 
patient should be instructed to test his urine 
before breakfast and before supper every 
single day. He is told to report to the physi- 
cian for an office visit three to seven days 
later. This is partly' to tic up any' loose ends 
and to make sure that his instruction has 
been adequate and is thoroughly compre- 
hended. Overlooked points will frequently 
turn up. .At this visit the patient has the 
opportunity to go over his insulin dosage 
(if he is taking any') with the phy'sician and 
to receive the assurance that he is adminis- 
tering the proper quantities of insulin if 
this is the ease. The diet also is reviewed. 
If no serious difficulties arc encountered, he 
can be discharged after this first office visit 
for a period of approximately three months 
with instructions to call the physician in the 
intervening period of time should any diffi- 
culties arise. When next seen, he is weighed, 
remeasured and his diet and insulin dosage 
evaluated in the light of his progress .since 
leaving the hospital. In ease he is getting 
too much or too little to cat. the semcc.s of 
the ho.spiial dietitian may' again be enlisted 
to help in working out a corrected dietary 
schedule. 

If control is satisfactory the patient h 
given an appointment to return to the 
phy.sician's office in approximately .six 
months for a blood sugar determination. 
From then on he ought to be seen about 
twice yearly for help, enetjuragement. re- 
examination and instruction. If he is doing 
well, he ought to be told about it. If he i- 
making mistake.s, they' .'hoiild be rorrectrd. 
.\b'ovc all he should be eontinually eii- 
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couraged to test his urine at least once a day, 
and if he is taking insulin, twice daily. The 
patient’s carefully kept reports of his own 
urine tests are the most valuable contribu- 
tion which he can make to his physician; 
they give far more information as to the 
progress of diabetic control than any num- 
ber of blood sugar value determinations 
could do. Blood sugar determinations have 
been overworked and given an emphasis 
out of all proportion to their actual impor- 
tance. They are expensive and often provide 
no information not already available from 
the results of simple qualitative urine sugar 
analyses. However, experience shows that 
the blood sugar determination serves as an 
inducement to maintain the continued 
interest of the patient in the proper manage- 
ment of his disease, and for this reason alone 
it should be made at intervals not less 
infrequent than once every three to six 
months. Furthermore, it has the function, 
not served by urinalyses, of detecting hypo- 
glycemia, and not infrequently a patient 
overenthusiastic about keeping all his urine 
specimens completely sugar-free will in- 
crease his dosages of insulin above what is 
required, thereby inviting insulin reactions. 

There are two extremes of mismanage- 
ment of the patient with diabetes. The first 
is the overcontrol method in which the 
patient is given a diet, a prescription for 
insulin and appointments to return to the 
doctor at much too frequent intervals for 
urine sugar or blood sugar determinations, 
until he soon becomes almost completely 
ependent on the physician for the entire 
management of his disease. The other is the 
undercontrol method in which the patient 
receives dietary and insulin instructions, 
starts out by carefully testing his urine and 
even counting calories, but because of the 
P ysician’s lack of interest and his own 
un erstandable desire to lead as normal a 


life as possible and to think about his dia- 
betes as little as possible, stops testing his 
urine for weeks and even months at a time, 
eats carelessly and takes insulin depending 
upon how he “feels.” Sooner or later he 
becomes the patient whose only contact 
with the physician is during an illness, when 
he has a severe insulin reaction or when he 
is in acidosis. The wise physician will en- 
deavor to set a course which carefully 
misses these extremes and will do his best to 
see that his patient avoids both overdepend- 
ence and complete independence. 

SUMMARY 

1 . A simplified method for managing the 
majority of diabetics seen in a general 
medical practice is outlined. 

2. The importance of initial hospitaliza- 
tion for diagnosis, treatment and instruc- 
tion is stressed. The few days spent in the 
hospital early in the course of the disease 
will mean an inestimable saving of time for 
both the patient and his physician. 

3. The importance of daily or twice daily 
examinations for sugar of freshly voided 
urine specimens as indices of corresponding- 
blood sugar values is re-emphasized. 

4. Dietary instruction and insulin regula- 
tion are briefly discussed. 

5. Follow-up management of the diabetic 
after his hospital discharge is described, and 
a plea is made for a program which avoids 
the extremes of excessively rigid control and 
of undercontrol. 
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Metabolic Derangements and Principles for Corrective Therapy 
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jA MONO various complications of dia- 

/\ bctcs mcllitus kctoncmic acidosis 
X and coma carry the most serious 
threat to the health and sur\’ival of the 
diabetic. The immediate hazards are evi- 
dent; there is also increasing evidence that 
the late complications of degenerative 
cardiovascular disease arc greatest among 
patients who have suffered numerous epi- 
sodes of acidosis and coma.* Theoretically, 
such Slates should never develop in patients 
who are constantly alert in the obscr\'ancc 
of the few precautionary measures that arc 
most e.ssenlial. But when unc.xpcctcd emer- 
gencies occur, ilic treatment of severe 
diabetic coma involves some of the most 
interesting and challenging problems in 
clinical medicine. Progressive stages in the 
de\’elopment of diabetic coma arc deter- 
mined by a long series of closely interrelated 
functional derangements and chemical dis- 
turbances in the body, with secondary’ 
results that quickly become far more serious 
than the initial derangements of carbo- 
hydrate metabolism denoted by the name 
«)f the disease. 

Like many other phases of diabetic 
management the treatment of coma has 
involved numerous conflicts of opinion 
among highK qualified authorities, some- 
time- leading to sharp c.xchangcs of con- 
tradictions and reciprocal denunciations 
of various theories and practices followed 
in dilTerent renters. When closely cNamincd 
-omc features of tiiese conflicting views 
appear to be based u{>on argumentative 
di'tinctions without real differences in the 


fundamental concepts to which nearly all 
.subscribe; attention is often confined to 
one or two or three points out of many 
known to be important in the chemical 
pathology of coma; and explanations of 
success or failure of treatment sometimes 
have been oversimplified by emphasis on the 
use and abuse of single items in the ther- 
apeutic armamentarium. 

FUxN'CTlON.M. DERANGEMENTS 

In the development of diabetic acidosis 
and coma numerous factors arc involved 
in a vicious circle of events in which all 
appear to aggravate the respective courses 
of separate but closely interrelated metabolic 
disturbances: (1) Insulin insuJJicicncj or in- 
cfTcctivencss; (2) impaired glyco^cnesis, in- 
creased glycogcnolysis, hyperglycemia 
glycosuria, diuresis; (3) increased hepatic leto- 
genesis, kctoncmia, ketonuria; (4) melaholic 
acidosis, with decreased bicarbonate and pH 
of the body fluids, and with hyperpnea a 
principal physical manifestation; (5) in- 
creased cellulai catabolism liberating inorganic 
pho.sphatcs, potassium nitrogen and other 
metabolites from intracellular organic com- 
pounds; (6) losses of electrolytes by increased 
urinary excretion; decreased concentrations 
of electrolytes in extracellular and intra- 
cellular spaces: (7) dehydration, occurrinK 
primarily from losses of electrolytes, ag- 
gravated by loss of water through glueov- 
diuresis and by insensible loss of water 
through the lungs with the development of 
severe hyperpnea; hcmoconcentration, di- 
minished blood volume, falling blo^Kl pre— 
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sure, shock, anuria; (8) tissue damage, 
resulting from increased cellular catabolism, 
anoxia and from release of “toxic” agents; 
(9) coma, resulting from ketonemic narcosis, 
cerebral anoxia, acidosis, etc. 

These various factors are dealt with briefly 
in the following paragraphs as a basis for the 
subsequent discussion of treatment. 

1. States of insulin deficiency may be 
defined as resulting from a lack of insulin, 
either endogenous or exogenous, or from 
circumstances leading to neutralization of 
the effects of available insulin. Ineffective- 
ness of insulin may result from the action of 
hormonal antagonists, specific antibodies, 
toxins or enzymes that destroy insulin, or 
of chemical conditions of the body fluids 
that inhibit enzymatic processes in which 
insulin is involved. It is obvious that many 
factors beyond a mere lack of insulin are 
operative in patients who require very large 
doses, sometimes huge, of exogenous insulin 
for the prevention of ketonemic acidosis or 
in the treatment of coma. Suggested causes 
of insulin resistance have been well reviewed 
elsewhere®’® and need not be considered 
here. Suffice it to say that the development 
of ketonemic acidosis is always initiated 
by insulin-insufficiency, regardless of the 
mechanism responsible for an increased 
need. In cases with treatment well estab- 
lished the occurrence of coma is usually 
clearly traceable to omission of the usual 
daily dose of insulin, to injudiciously de- 
creased dosage or to failure to increase the 
usual daily dosage as needed during infec- 
tions or illnesses that lead to increased 
insulin requirements. 

2- Hyperglycemia may be regarded as 
incidental to disturbances in the hepatic 
regulation of blood sugar levels, ^ the result 
of decreased glycogenesis and increased 
glycogenolysis rather than a predominant 
isturbance of the ability of the tissues to 
urn sugar.® Hepatic glycogen probably 
represents only a small fraction of the total 
Carbohydrate utilized in the body through 
various metabolic channels. Low concen- 
trations of glycogen in the liver may be due 
o lack of or ineffectiveness of insulin to 
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promote glycogenesis, to glycogenolytic 
effects of the adrenal, thyroid or pituitary 
hormones, to bacterial or viral toxins af- 
fecting the physical integrity of the liver 
cells and to starvation. Especially in children 
the element of starvation may be important 
in the depletion of glycogen reserves when 
there is failure of appetite, refusal of food 
or vomiting at the onset of infections. Vary- 
ing degrees of hyperglycemia are not closely 
correlated with other severity indices of 
coma. Blood sugar levels may be very high 
in early stages of the development of a dia- 
betic crisis and may fall considerably during 
coma (without insulin) presumably due to 
the exhaustion of carbohydrate stores in the 
whole body. 

Hyperglycemia and glycosuria are con- 
comitant factors leading to diuresis but pet 
se are not critical in the chemieal pathology 
of coma. Even extreme degrees of hyper- 
glycemia in the absence of ketosis do not 
immediately lead to notable illness or func- 
tional disturbance other than diuresis al- 
though the latter may become intolerable 
to the patient.® Excessive excretion of 
electrolytes accompanies diuresis in diabetic 
acidosis; but glucose-diuresis of itself does 
not necessarily lead to salt deficits except 
under conditions of insulin-insuflficiency. 
In studies on osmotic diuresis Rapoport and 
co-workers^ recently demonstrated that 
when urine flow was greatly increased 
by loading with glucose (in non-acidotic 
diabetic patients receiving insulin), the 
excretion of Na and Cl tended to rise 
proportionately while that of K and P 
tended to remain constant. On the other 
hand, when an insufficient supply of insulin 
leads to increased cellular catabolism and 
release of intracellular components, an 
excessive loss of both intra- and extracellu- 
lar electrolytes in the urine may be expected, 
regardless of the degree of diuresis. 

3. Abnormally rapid hepatic ketogenesis 
is associated with increased glycogenolysis 
and decreased concentrations of glycogen 
in the liver. Mutually aggravating factors 
are operative, inasmuch as glycogenolysis 
is increased by the state of ketonemic acido- 
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si?. The ilicory of overproduction of ketone 
bodies in diabetic acidosis is now well 
accepted, with the establishment of evi- 
dence that the usual rate of utilization of 
ketones by muscles and other e.xtrahcpatic 
tissues is unimpaired in dcpancrcatizcd 
animals.''^"*" Ketoncmia increases rapidly 
wlien overproduction e.xcccds both the 
capacity of the kidneys for secretion and the 
rate of utilization of the ketone bodies by 
muscles and other peripheral tissues." 

4. >fctabolic acidosis, characterized by 
low bicarbonate and low pH of the blood 
plasma, results partly from the accumula- 
tion of ketones and other acid metabolites, 
partly from losses of mineral cations that 
arc e.vcreted with ketone acids, phosphates 
and other anions in the urine; also, rela- 
tive hyperchloremia often co-c.\ists with a 
lowen'd concentration of sodium in the 
pla.<-m;i. especially in later stages of increas- 
ing hemoconcentration. I’he stale of acidosis 
(m aggravates the course of the metabolic 
disturbances by multiple effects, directly or 
indirectly interfering with the action of 
insulin and generally accelerating catabolic 
proce.s<ies in all tissues: e.g., lowered pH of 
the (luids inhibits synthesis and accelerates 
the decomposition of intracellular pho.s- 
phorylated coinjjounds that arc involved 
in the carlxibydrate cycle. The hyperpnea 
that aecotni)anies acidosis involves severe 
mu^-ciilar effort, imposing burdens of fatigue 
and anxiety, and contributes to the dcvelop- 
tneni of dehydration, especially in late 
'•tages. by incrca':ing the loss of water vapor 
in expired air. Correlating hyperpnea in 
aeidotic patient.s with change.? in blood pH. 
Kety et al.’’ ob?eiAed rc.spiraiion? increas- 
ing 'fiarply below a threshold at around 
pH “.2 to a maximum in the region of pH 
“.<t but decre.i'ing with lower values a? the 
s»-veriiy o>' .icido''i'' increased, probably 
owing to depre--ion of the medullarv 
center^. 

4. Incrca.'eti ti"-uc catalxili^iti in the 
di.ib-tti' cri'!- invidve- the lib*'ration of 
inorg.mit piio'-phates and a-otiated eation? 
e'.p'-rtaily ;v)Ta.-dum'i fnim. relb into the 
pl-oma %'.h'mr': the% are excreterl in the 


urine unless renal function is impaired. 
Metabolic balance studies have furnished 
abundant data on the nature of the mei.a- 
bolic losses that occur in diabetic acidosis. 
Von Noorden in 1905 stressed the impor- 
tance of phosphaturia in diabetic coma .e 
an index of cellular catabolism. The classic 
study by Atchlcy, Locb et ai." demon- 
strated that losses of K and P were higher 
in proportion to N than the ratio found in 
tissues, indicating that labile intracellular 
compounds tverc lost without nece.ssarily a 
complete cellular breakdown. 

Insulin deprivation leads to an increaw 
in basal metabolic rate and to increased 
glycogcnolysis before acidosis is apparent. 
With the development of acidosis the low 
pH of the body fluids favors the enzymatic 
decomposition of labile organic phosphate.? 
in the cells. When the rate of breakdown 
e.xcccds the rate of phosphorylation and 
re.synthesis of compounds involved in the 
glycolytic cycle, inorganic phosphates are 
liberated into the blood. Increased phospha- 
turia in states of acidosis has been com- 
monly explained as a renal mechanism for 
conscr\’ing cations, for maintaining tlic 
alkali reserve in the plasma, diminished 
tubular rcabsorplion of phosphates occur- 
ring as an effect of lowered pH on the 
kidney." Increased liberation of inorganic 
phosphates from tissues is probably pri- 
mary and the more important factor in 
phosphaturia. 

6 and 7. Dehydration in diabetic acidosis 
results primarily from los.s of electrolyte' 
as it does in other conditions in which .‘■ah 
depiction leads to dimini.shcd ability of the 
body to retain water. Data from nu'talxdic 
studies indicate that the Io?scs are [^ritnarily 
cellular, depletion of extracellular clement- 
occurring a*; a concomitant or -ccotidar) 
effect. In later stages vomiting (or the 
accumulation of fluid in a dilated ‘■toniach 
without actual vomiting) may aggrav.ate 
the lo?s of cxtrac<*llular electrolyte?, chlorid'- 
.md -odium. The j)rogre— ive iiKmifc^taiion- 
iii dehvdration with depleiitju of total IxW' 
tluif!-. hemot OIK enti atifiii. dimim-hed cu- 
culaling bloori vohime. lower'-d Id'K^i 
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pressure and shock, are well known and 
need not be discussed here. The time ele- 
ment is important in determining the course 
of tlie depletion of the body fluids. When 
the evolution of acidosis and coma is rapid, 
dehydration may be less pronounced than 
when acidosis exists several days before the 
onset of coma and there is time for a greater 
total loss of electrolytes. Hypoelectrolytemia 
is found during the development of acidosi s 
while polyuria and polydipsia are con- 
comitant S)TTiptoms but the picture may 
change considerably in later stages when 
polydipsia ceases witli loss of consciousness 
or vomiting interrupts the intake of water. 
At this time, rising levels of non-protein 
nitrogen may indicate inadequate renal 
function due mainly to a lack of water. In 
the stages of coma when hyperventilation 
is increasing and fever accelerates the rate 
of water loss by vaporization, the loss of 
water alone from the lungs in expired air 
and through the skin in insensible perspira- 
tion becomes an increasingly important 
factor aggravating the state of dehydration. 
Such water loss leads to hemoconcentration 
m the true sense, with increasing osmolarity 
of the plasma. This sequence of events is 
similar to that leading to plasma hyperos- 
molarity and hyperelectrolytemia in infants 
with gastrointestinal disease complicated by 
hyperventilation.^® Diarrheal disease ordi- 
narily leads to dehydration from salt loss, 
characterized by hypoelectrolytemia, but 
with severe hyperventilation provoked by 
co-existent respiratory tract infection the 
picture may change rapidly to one of hemo- 
concentration from water loss, with extreme 
degrees of hyperelectrolytemia and hyper- 
osmolarity of the blood plasma. Similar 
conditions may be found occasionally in 
diabetic coma. For example, in an infent, 
three months of age, suffering a respiratory 
tract infection and fever, with severe hyper- 
pnea, probably acidotic more than forty- 
eight hours before the diagnosis of diabetes 
was made and treatment was started, the 
concentrations of total base and of Cl in the 
blood serum were 180 and 135 m.Eq./L., 
respectively. 
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8. A concept of irreversible tissue damage 
is generally offered to explain the high 
mortality that is universally found among 
comatose patients, rising sharply with the 
duration of coma regardless of treat- 
ment. It is generally agreed that chemi- 
cal analyses of the blood of patients before 
the start of treatment show little difference 
between those who recover from coma of 
short duration and those who have been 
comatose a long time who do not recover. 
Investigators have turned their attention 
increasingly to the cells, rather than extra- 
cellular fluids, seeking explanations for the 
damage that is associated with various 
indices of severity of coma. Damage to 
vital organs may be ascribed to factors of 
increased catabolism induced by acidosis, 
involving the liberation of phosphates and 
mineral ions as already mentioned, to 
specific histotoxic effects of ketone bodies, 
especially acetoacetic acid, and to inter- 
ference with oxygen exchanges leading to 
tissue anoxia. The last item now appears 
to be the most important. In studies done 
on fourteen patients in severe coma, with 
mortality 43 per cent, Kety and co-workers 
found that the measurement of cerebral 
oxygen consumption was the only one of 
many tests performed before or at the start 
of treatment that seemed to have prognostic 
significance. They report that in these 
patients “there seemed to be a critical level 
for cerebral oxygen utilization of 2.1 cc. 
per 100 Gm. of brain per minute at or below 
which consciousness disappeared, compared 
with a consumption of 3.3 cc. per 100 Gm. 
per minute found in mentally alert normal 
subjects.” With but one exception a cerebral 
oxygen consumption below that critical 
level appeared to be incompatible with 
survival. 

Acute functional disturbances of the heart 
and kidneys may be ascribed similarly to the 
effects of acidosis and of cellular anoxia 
attending a diminution in circulating blood 
volume, hemoconcentration and shock. In 
older persons there are usually the com- 
plications of already existent cardiovascular 
disease. Specific effects of changes in the 
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concentration of potassium in the blood 
plasma on myocardial function, in severe 
coma and in the posiacidotic period have 
been revealed by electrocardiographic 
studies.-' 

9. Coma, the ultimate and most critical 
manifestation of the diabetic crisis, is the 
most important of clinical indices correlated 
with prognosis. In their extensive study of 
Ijlood gases, electrolytes and cerebral blood 
flow in diabetic subiects, mentioned above, 
Kety and co-workers found a close correla- 
tion between mental states (normal, alert, 
confused, unconscious) and the rate of 
utilization of oxygen by the brain; also, 
there was a good correlation between 
mental state, depression of cerebral metab- 
olism and rising levels of blood ketones. 
Coma was associated with a 40 per cent 
reduction in cerebral utilization of oxygen 
in spite of an augmented rate of cerebral 
blood flow and normal arterial oxygen 
saturation. Kety cl al. concluded that the 
ol)served depression in cerebral metabolism 
could be ascribed both to the state of 
acidosis per sc and to ketone substances 
probably acting as histotoxic agents. 

UECOVCRV 

The step*; involved in recovery from dia- 
betic coma may be described as a reversal 
of thoce that characterize the development 
of acidosis, .-\gain. numerous factors of 
metabolic adjirsirnents arc closely interre- 
lated and mutually dependent upon the 
efTecis of various therapeutic measures; the 
administration of insulin and parenteral 
fluidv. and realimentation. 

KfTective doses of insulin promote giyco- 
genesis. inhibit glycogcnolysis and hepatic 
ketogencsis and reduce tissue catabolism, 
riu- action of irnulin is dependent upon 
.iv.'iilable supplies of substrates for enzy- 
matic reactions, r.g.. sugar, phosphorus and 
jxjia^sium. and Ufwn the influence of pH on 
th- enzymatic transformations: perhaps al«o 
uiMuv amounts of enrymes and coettzymes 
in IIS'* tissijf-s. Insulin may promote proce'-«'“s 
of pho'phorsdation in extrahep.uic tissue-s 
in not vet urll undervtcxKi. x'.ni fiuirelv 


linked with its blood-sugar-lowcring effects 
or the transfer of sugar from plasma to 
cells.--’-*'’-'' Ketone bodies are eliminated 
partly by renal excretion, more by utiliza- 
tion in cxtrahcpatic tissues."’" The replace- 
ment of ketone anions by bicarbonate is 
accompanied by restoration of normal pH 
values and by simultaneous shifts in the 
distribution of Cl, Na and other elements in 
c.xtraccllular and intracellular fluids. Paren- 
teral fluid therapy is directed to the restora- 
tion of a normal circulating blood volume, 
replacement of electrolyte losses and reiiy- 
dration of the whole body, c.sscntial to all 
phases of functional recovery. Processes of 
glycogen formation and re-establishment 
of normal carbohydrate metabolism in 
tissue cells involve the uptake of phosphorus 
and potassium from extracellular fluids. 
Concomitantly with recovery from acidosis, 
with rise of plasma pH to normal, the 
c.xccssivc urinary' excretion of phos|)hatc. 
potassium and other waste metabolites is 
sharply reduced; phosphaturia may he 
practically nil for several days after symp- 
tomatic recover}’. The diminished phos- 
phaturia is explained as the result of (1) 
changes in tubular rcabsorption of P found 
with changes of pH in the blood, (2) 
diminished liberation of inorganic phos- 
phates from cells as ti.ssuc catabolism i' 
reduced and (3) lowered concentrations of 
inorganic P in the pla.sma. Metabolic 
equilibrium is reached after a normal nutri- 
tional state is restored by reaiimentation. 

ni.ooD raiiiMisTRV 

.-\t each stage of development of acidods 
and recovery the chemical sial<’ of the hlofKl 
is the resultant of all processes that influcm e 
its changes. The composition of the plauna 
for the most jiart does not give an aecur.’ite 
indication of cellular changes. 'I'he direc- 
tion and rate of chemical changes in the 
plasma, if detennined by serial measure- 
ments at short intcr\’al.s. would offer b'-ttei 
indices of the phs-siologic state of the whole 
IxKly than any static rcfiresentatinn of th'* 
com{>osition of plasma, e.g.. as in diagiain’- 
depicting elcrtrolyie structure of the pla^ttr; 
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at a given moment. Just as blood sugar 
levels depend upon rates of glycogenesis, 
glycogenolysisj gluconeogenesis, utilization 
and excretion of glucose, so the concentra- 
tions of inorganic P and K in the blood 
plasma depend upon the rate and direction 
of exchanges of these elements between the 
cells and plasma, and the rates of their 
excretion in the urine. The levels of inor- 
ganic P, K and non-protein nitrogen in the 
plasma usually remain normal or low during 
the early stages of the development of 
acidosis when urinary excretion of these 
elements is steadily increasing but their 
levels rise rapidly in later stages as the result 
of increasing cellular catabolism plus failure 
of renal function to “clear” the plasma. In 
severe coma concentrations of inorganic P 
and K in the plasma may be and usually are 
high despite an increasing deficit of these 
elements in the blood and other tissue cells. * 
With increasing acidosis Cl and Na ions 
enter the cellular phase as P and K leave 
the cells. The ratio of cellular chloride to 
serum chloride, a function of pH, offers an 
index of shifts in the distribution of Cl 
' between cells and extracellular fluids in the 
whole body. It is to be noted that this ratio 
is relatively high in acidosis regardless of 
whether the concentration of Cl in the 
plasma be low or high. Some investigators 
have found elevated concentrations of 
pyruvie aeid in the blood plasma a sign of 
cellular disturbances in which the coenzyme 
cocarboxylase (thiamine pyrophosphate), 
required for the metabolism of pyruvic acid 
through the Krebs eyele, may be inactivated 
or lost with other phosphorylated com- 
pounds. During recovery when resynthesis 
of intracellular compounds involves a rapid 
uptake of P and K from the plasma, hypo- 
phosphatemia and hypopotassemia (with 
reference to plasma) indicate something of 
the rate and direction of exchanges occur- 
'^lug between cells and plasma, not the 
degree of deficiency of those elements in the 
body at a given time. 

As commonly used, the words hyperphosphatemia 
and hyperpotassemia apply only to plasma concentra- 
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The organic acid-soluble phosphorus 
compounds of the blood cells constitute a 
labile store of phosphorus serving diverse 
functions in the body. In constant state of 
flux, synthesized and decomposed through 
reactions of the glycolytic enzyme system, 
the phosphoric esters act as transport sub- 
stances, participating in carbohydrate me- 
tabolism and in the transfer of phosphorus 
for various metabolic purposes; and as intra- 
cellular anions they play an important role 
in the ionic equilibrium of the blood. 
Although the total amount of phosphorus 
thus carried in the cells of the blood is small 
compared with the total labile stores of 
phosphorus in the body, the changes found 
in the red cells in different pathologic con- 
ditions offer a valuable index of the state of 
the stores of related labile compounds in 
other tissues. In diabetic coma there is 
alw'ays a profound reduction in concentra- 
tion of the phosphoric esters in the red blood 
cells. During the development of and re- 
covery from the acidotic state the direction 
and rate of changes in the organic phos- 
phates in the blood cells give clues to the 
probable sequence of closely related chemi- 
cal changes taking place in other tissues 
which are less easily studied than the blood. 

The total organic acid-soluble phosphorus 
(OASP) of the red cells, normally around 
50 to 60 mg. per 100 cc. of packed cells, is 
made up of approximately 10 mg. adeno- 
sinetriphosphate, 15 mg. hexosephosphates 
and 25 to 35 mg. diphosphoglycerate. These 
phosphoric esters normally constitute a 
considerable part of the intraeellular anions. 
Expressed in milliequivalents per liter of 
water, in packed cells, the total average eon- 
centration of anions, 175 m.Eq., is com- 
prised of HCO3 17, Cl 74, inorganic phos- 
phate 1, organic phosphates 45 (of whieh 
the diphosphoglycerate represents about 
30 m.Eq.), hemoglobin 33, and unde- 
termined anion equivalents 5 m.Eq., esti- 
mated by difference. These anions are 
matched by the cations Na 22, K 144 and 
Mg 8 m.Eq. per L. of water. The phosphoric 
esters and hemoglobin together thus com- 
prise about 78 m.Eq. of non-diffusible 
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anions, which influence the distribution of 
diffusible ions (Cl and HCO 3 ) between the 
cells and plasma according to principles of 
the Donnan equilibrium.'® In various con- 
ditions in which large changes in concen- 
tration of Cl in the blood occur, a reciprocal 
relationship has been observed between the 
concentrations of organic phosphates and 
of chloride in the cells comparable to that 
found between Cl and HCO 3 in the plasma; 
c.g., high cellular chloride with low con- 
centrations of organic phosphates in am- 
monium chloride acidosis and in diabetic 
acidosis and. conversely, lowcellular chloride 
with high concentrations of organic phos- 
phates following pyloric obstruction, and in 
nephritis with hyperphosphatemia.-^ 

.\11 changes in concentration of the phos- 
phoric esters necessarily hinge upon the 
enzymatic reactions of phosphor^'lation and 
dcphosphorylation in the glycolytic cycle. 
Inorganic P enters this cycle in the phos- 
phorylation of adenylic acid, with the for- 
mation of adenosinetriphosphatc (ATP), 
and leaves the cycle when liberated from 
ATP after various intermediate steps of 
transferal in the formation and decomposi- 
tion of hexosephosphate, diphosphoglyccr- 
atc and other intermediate compounds. 
Principal factors influencing these trans- 
formations are changes in pH and in 
amounts of substrates available. By e,xperi- 
ment« in iitro it has been shown that pH 
value'' of 7.1 and alxjvc favor synthesis while 
values b<-luw 7.3 favor decomposition of the 
pi’.o'-phoric t>ters and liberation of inor- 
ganic P from the cells.*’ Presumably the 
-ame ciiertv of changes in pH arc operative 
m condiiion\ of severe diabetic acidosis and 
recovery: lowered pi I leading to dccomposi- 
don of intracellular organic phosphates and 
to c\cr'--.ive pho^phaturia as long as renal 
function is adequate to clear the plasma of 
Ub-ratefl in >;'.:anic pho'ph.ates; and normal 
pH valu'-s 'after correction of acidosis) 
hivaring the n'-toration of the organic 

phevplj.ttr , 

rollov.in't th'- V, ithdrawal of insulin in 
«ls MUji'-ets v.S>.o ,sre prone to ds-vclop 
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phoric esters in the blood cells dccreaso 
rapidly with the development of keto- 
acidosis. If the duration of acidosis has been 
brief, resumption of insulin injections i^ 
followed by prompt restoration of the or- 
ganic phosphates within a few hours, with 
correction of the state of acidosis and 
elimination of ketosis. The time relation- 
ships of such changes parallel closely those 
of the urinaiq' losses of phosphorus and 
potassium that have been demonstrated 
during the development of acidosis and the 
retentions of P and K during recovery 
(Atchlcy, Loeb et al.*®; Butler et al.-’ and 
others). That the state of acidosis }m se is 
responsible for these changes is indicated by 
the fact that a similar sequence of changes 
may be observed in ammonium chloride 
acidosis: c.xtrcmc phosphaturia accompany- 
ing a great decrease in concentration of 
organic phosphates in the blood cells during 
periods of administration of NHjCl; cessa- 
tion of phosphaturia and recover)' of normal 
concentration of OASP in the blood cclK 
when the NH 4 CI is stopped.*' IVhcn phos- 
phate losses have been large with prolonged 
acidosis in cases of severe coma, the restora- 
tion of organic phosphates in the blood 
cells is slow during recovery, lagging con- 
siderably (even for several days) behind the 
correction of ionic equilibrium in the pla'ina 
and clinical signs of recover)'. 

The transfer of mineral cations between 
cells and plasma is closely linked with the 
cn'zymatic reactions of phosphorylation. 
Changes in the concentration of organic 
phosphates and of K in the blood relb 
during the development of and recovery 
from diabetic acidosis are closely jjaralh'l. 
probably dependent upon common factoi-' 
low cellular concentrations of organic phos- 
phates and K resulting from decomj) 0 -ition 
of the phosphoric esters in the nckloth 
state and from lack of substrate (either P 
or K or both) for their resynthesis in tlw 
recoverv period. 

The observations made on cbatiges iri tte' 
distribution of phosphorus couifKnin'l m 
the plasma and cells of the blood, corrri.ited 
with data from nietaiwlic balance -tud!'-'. 

t or* f ^ ^ If f nt r ! * ' 
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afford a basis for tlic concept of two phases 
of altered mineral metabolism during the 
development of and recov'^ery from diabetic 
acidosis; a phase of acidosis and dehydra- 
tion, during wliieh losses of both extracellu- 
lar and intracellular ions and fluids occur: 
and a post-acidotic phase during which, 
with restoration of anabolic cellular func- 
tions, the avid uptake of intracellular ions 
by tissue cells results in a depletion of these 
ions in the extracellular fluids. Subnormal 
levels of inorganic P and K in the plasma 
in the recovery period may be ascribed to 
this uptake by the cells rather than to 
urinary excretion at that time as some have 
suggested. 

Hypophosphatemia, characteristic of the 
recovery period, is not attended with 
recognized functional disturbances, but 
severe depletion of serum potassium results 
in the now familiar syndrome of hypo- 
potassemia, as described by Holler^* and 
others;^^’®'* generalized muscular weakness, 
paralysis of respiratory muscles and cardio- 
vascular difficulties attended with charac- 
teristic changes in the electrocardiogram. 
Hypophosphatemia and hypopotassemiaare 
but two features of a series of postacidotic 
metabolic readjustments which may also 
involve Ca and Mg.^^ Under other condi- 
tions and in subjects with different nutri- 
tional backgrounds postacidotic readjust- 
ments may lead to manifestations of other 
deficiencies: e.g., tetany as a manifestation 
of hypocalcemia in the postacidotic period 
after diarrheal disease in infants. 

THERAPY 

In debates over various schemes for the 
treatment of coma many writers have rightly 
expressed fears of the harm that can be done 
by abuses of practically all of the commonly 
employed procedures. Examples have been 
cited of deaths that followed the adminis- 
tration of excessive amounts of glucose solu- 
tion, alkali, salt solutions and even of insulin. 

sually these reports lack clear evidence 
t at deaths were in fact due to the procedure 
in icted and they do not constitute valid 
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arguments against a more judicious use of 
any of these valuable procedures. In many 
instances it could be claimed that the deaths 
were due to neglect of supportive therapy 
rather than to the specific abuses: e.g., 
failure to correct rapidly increasing acidosis 
by judicious administration of alkali; use of 
hypertonic glucose solution alone in large 
amounts without adequate salt replace- 
ment; use of large doses of sodium bicarbon- 
ate without adequate treatment with other 
fluids. Some deaths in the postacidotic 
period have been due to hypopotassemia, a 
phenomenon only recently appreciated. 

Primary objectives in the treatment of 
coma should be the restoration in the body 
of optimal conditions for Junctional recovery^ as 
well as the supply of materials needed for 
the restoration of normal chemical structure 
of the tissues and fluids. Rules for the treat- 
ment of coma, to be helpful, must be 
flexible, permitting changes of procedure in 
individual cases according to the dietates of 
clinical judgment in evaluating the state of 
each patient, the severity and duration of 
acidosis, coma, hyperpnea and dehydra- 
tion, evidences of recent loss of weight, the 
state of the blood-circulation and the pres- 
ence of infection. Therapeutic procedures 
should be employed with attention to inter- 
relationships existing among their separate 
effects. If treatment is started early in the 
development of the crisis, when ketonemic 
acidosis has been of short duration, the 
administration of insulin alone or with 
moderate amounts of salt solution may be 
sufficient to promote rapid recovery. Then 
the re-establishment of normal fluid and 
electrolyte equilibrium follows natural 
processes of realimentation. Fairly simple 
schemes of treatment” have led to good 
results even with severely comatose patients. 
Under critical conditions, however, the use 
of all available procedures for corrective 
therapy and of laboratory studies for their 
control should be carefully considered. 

The following schedule for the treatment 
of coma is offered tentatively as a basis for 
further discussion of guiding principles and 
of current opinions that are held in different 
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centers regarding the nsc of tlic respective 
procedures. 

I. Insulin may be administered in most 
cases in moderate doses (30 to 60 units per 
hour in adults, 10 to 20 units in small 
children) given in divided doses at short 
intervals, fifteen to sixty minutes, to assure 
a continuous supply and an overlapping of 
the effects of each dose. In unusual cases of 
insulin resistance larger doses will be 
required. 

II. Parenteral fluid therapy, comprising 
the administration of water, electrolytes, 
glucose, blood: (1) physiologic salt solutions 
given intravenously first (mixed with alkali 
as indicated), in amounts approximating 1 
to 2 per cent of the body weight per hour 
during the first two or three hours, then 
more slowly; (2) alkali, as sodium bicarbon- 
ate or sodium lactate, given with the first 
intravenous fluids, as soon as the degree of 
acidosis is known, in amounts sufficient to 
bring the plasma pH to normal or to raise 
the plasma bicarbonate to around 13 m.Eq. 
per L., or 30 volumes per cent; (3) glucose, 
administered as 5 per cent solution in 
physiologic saline solution or in water, after 
the third to sixth hour of treatment, after 
the correction of acidosis with alkali and 
when the effectiveness of insulin is assured 
but without waiting for the blood sugar to 
fall to normal or hypoglycemic levels; (4) 
potassium and phosphate salts, administered 
cautiously intravenously or by mouth, after 
four to six hours, four doses of KCl, 1 Gm. 
each, hourly, anticipating hypopotassemia 
and cellular needs for replenishment in cases 
where severe depletion is suspected or 
known; (5) whole blood or plasma transfusions, 
indicated in cases with anemia, persistent 
circulatory collapse and shock, anuria. 

III. Vitamin preparations, especially of 
the B-complex, given in parenteral fluids 
and with oral realimentation. 

IV. Chemotherapy, started promptly in 
the presence of infections. 

V. Feeding by mouth should be started 
as early as possible, as soon as vomiting has 
ceased. 


PROCKm’RES 

Insulin. There is unanimous agreement 
that insulin should be administered at once 
when the diagnosis of diabetic acidosis is 
made. But opinions differ widely on the 
dosage that should be employed during the 
first hours of treatment, as well as on the 
use of supportive treatment which may 
influence the effectiveness of insulin. Root 
and co-workers recommend high initial 
doses of insulin, usually 100 units, with 300 
or 500 units extra if the blood sugar is above 
600 or 1000 mg. per 100 cc., to be followed 
by repeated doses at intcr\mls depending 
on the results of clinical and laboratory 
tests. Among recommendations for the 
routine use of high doses perhaps the most 
extreme is that of Micks^® who, claiming to 
follow Root's teaching, recommended an 
initial dose of 100 units for patients in pre- 
coma, 500 units for patients in true coma, 
followed by 1 00 units given (intravenously) 
every fifteen minutes until the appearance 
of clinical signs of improvement. Mick’s 
scheme is like Root’s in that the adminis- 
tration of insulin is accompanied only by 
intravenous perfusion of salt solution (4 to 
6 L.) in the first few hours, with no glucose 
‘“until the blood sugar is low,” and with no 
alkali used to correct the acidosis. This 
article elicited an editorial in the same 
journal'''’ calling attention to the dangers 
from hypoglycemia likely to be incurred by 
such a procedure, also a note by Lawrence 
expressing objections and citing his own 
satisfactory experiences in treating patients 
“in severe pre-coma” with total dosage of 
124 to 196 units in divided doses during 
sixteen to twenty-four hours. 

Dangers of damage to the central nervous 
system by the effects of large doses of insulin 
must be borne in mind; although those who 
recommend large doses in the treatrnent of 
coma generally discount this possibility, 
trusting that the administration of glucose 
will arrest the progress of any deleterious 
reactions. Yannet'*®’"'® found that large doses 
of insulin in cats led to demonstrable dam- 
age to the brain, with loss of potassium. 
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This effect was only partly attributable to 
hypoglycemia per se as larger doses produced 
more damage without notable differences 
in the degree or duration of hypoglycemia. 

Overdosage with insulin may have other 
unfavorable effects not entirely disclosed 
by blood sugar levels. Somogyi'^'’ has pointed 
out that there are two phases in the action 
of insulin when given in a dosage sufficient 
to provoke hypoglycemia. In the first, ex- 
cessive ketogenesis is arrested as liver glyco- 
gen increases and glycogenolysis is inhibited; 
in the second, with hypoglycemia, ketone 
formation increases as liver glycogen is 
again depleted by increased glycogenolysis. 
Thus during recovery from coma, after the 
elimination of ketosis there may be a “para- 
doxical” reappearance of ketonuria depend- 
ent upon the development of hypoglycemia. 
While such ketonuria is usually mild, 
secondary effects may be important. Mobili- 
zation of liver glycogen involves the libera- 
tion of potassium to plasma'’® which may 
add to the instability of potassium metab- 
olism in this critical period of recovery. 

Haste in the administration of very large 
doses of insulin merely to reduce the blood 
sugar quickly seems futile, considering the 
fact that varying degrees of hyperglycemia 
cannot be correlated with the severity of 
acidosis or the depth of narcosis in comatose 
patients. Maximum effectiveness of insulin 
m the reduction of ketosis may depend more 


upon supportive measures than upon the 
speed with which the blood sugar level is 
reduced. 

Parenteral Fluids. Intravenous therapy 
IS directed primarily to the correction of 
abnormalities in the extracellular fluids 
and to secure improvement in the circulat- 
ing blood volume, secondarily to promote 
intracellular processes of recovery; There 
seems to be no valid reason for the use of 
t e subcutaneous route for the administra- 
tion of fluids except difficulty in venipunc- 
ture, and this difficulty should be rare, 
^nder the skin serves no useful purpose 
absorbed into the circulation, and 
a sorption is slowest in the patients with 
poorest circulation in whom the immediate 


S'ovember, 1949 


639 

need for fluids to improve the blood volume 
is most urgent. In the regulation of dosage 
a working rule followed in our pediatric 
service is that the total volume of all fluids 
administered parenterally in the first eight- 
een to twenty-four hours of treatment may 
amount to between 10 and 15 per cent of 
the body weight, but with intravenous per- 
fusion at the rate of 1 to 2 per cent of the 
body weight per hour during the first two 
or three hours. Intravenous perfusions should 
be discontinued promptly when the urine 
becomes ketone-free or nearly so and when 
fluids are taken well by mouth, trusting nat- 
ural processes of realimentation to complete 
the restoration of metabolic equilibrium. 

Salt Solutions. Practically all schemes for 
parenteral fluid therapy provide first for 
generous amounts of physiologic salt solu- 
tion, usually 2 to 4 L. in adults, adminis- 
tered rapidly in the first few hours to cover 
primary extracellular needs for rehydration 
and continued at a slower rate in combina- 
tion with glucose or with other salts. 

Alkali. There are widely divergent dif- 
ferences of opinion on the advisability of 
administering sodium bicarbonate or sodium 
lactate for the correction of acidosis in the 
treatment of coma. Among those who object, 
some merely maintain that such therapy is 
unnecessary since the gradual elimination 
of ketosis by insulin leads to an increase of 
plasma bicarbonate without the addition of 
sodium. Others insist that it is potentially 
dangerous, citing cases in which the ad- 
ministration of alkali to raise the plasma 
bicarbonate from acidotic levels to normal 
was followed by states of severe alkalosis 
later in the recovery period; or, worse, 
cases in which severe alkalosis was induced 
when large doses of sodium bicarbonate 
were employed to “treat” acetonuria under 
the mistaken idea that acetonuria neces- 
sarily means acidosis. But, as many others 
have pointed out, the fact that overdosage 
of a drug can be harmful is not a contra- 
indication to its more judicious use to 
secure a desired effect. Arguments favoring 
rapid correction of acidosis by the adminis- 
tration of alkali in one form or another may 
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be based on evidence, already discussed, 
that low plasma pH values are associated 
with increased tissue catabolism, break- 
down of intracellular phosphorus com- 
pounds and losses of P and K in the urine. 
A recent report^® of metabolic studies on 
diabetic subjects in severe acidosis and 
during recovery, treated with insulin, saline 
and glucose solutions, states that “potassium 
continued to pour out oj cells throughout these 
earlier hours of therapy.” Losses of P and K in 
the urine that continue during the early 
hours of treatment may be ascribed to un- 
corrected acidosis. As early as 1922 Camp- 
belP^ maintained that the administration of 
sodium bicarbonate in combination with 
the newly developed insulin therapy was 
desirable because it accelerated recovery 
from severe acidosis. 

There is reason to believe that the action 
of insulin in the treatment of coma is in- 
hibited by conditions of ketonemic acidosis 
and is favored by the administration of 
alkali. Kirk^® described two cases of coma 
precipitated by infection and omission of 
insulin in which there was failure of re- 
sponse to initial doses of insulin. Admitted 
to the hospital in a pre-comatose state, 
drowsy but conscious, both patients rapidly 
became more comatose and more acidotic 
after the start of treatment with insulin and 
intravenous perfusion of salt solution. The 
administration of sodium bicarbonate solu- 
tion was followed immediately by recovery 
of consciousness and by symptomatic im- 
provement before more insulin was given. 
Both patients responded normally to subse- 
quent moderate doses of insulin. 

A report by Shephard'*® offers an interest- 
ing comparison with the one just cited. 
Shephard reported a case of severe coma, 
with treatment guided by Mick’s recom- 
mendations,®® in which 56,000 units of 
insulin were administered in twenty-six 
hours. A thirty-two year old man, previously 
taking 42 units of insulin a day, abruptly 
went into acidosis and coma when, with a 
cold, he did not eat and omitted his insulin. 
Deeply comatose when admitted to the 
hospital he failed to respond to 1 ,000 units 


of insulin given in the first ten hours. 
Progressively larger doses were given, to a 
total of 56,080 units in twenty-six hours, 
after which time the blood sugar fell to 
24 mg. per 100 cc. and he developed con- 
vulsions. Recovery followed the administra- 
tion of glucose. The patient was discharged 
after a few days, again receiving only a 
moderate dosage of insulin for daily control. 
It seems likely (to this reviewer) that in this 
case the existing conditions of severe acidosis 
could account for the ineffectiveness of the 
insulin and that correction of the acidosis 
with alkali might have favored earlier 
effectiveness of the insulin. 

Conditions of keto-acidosis may interfere 
with metabolic readjustments that are set 
in play by insulin apart from its blood- 
sugar-lowering effects. A report by Hedon®° 
in 1927 describing dramatic effects of the 
administration of sodium bicarbonate to a 
diabetic dog in severe acidosis and coma is 
especially interesting in this connection. 
The dog had been maintained in good con- 
dition by injections of insulin for thirteen 
months after pancreatectomy. When insulin 
was withheld, the animal quickly developed 
intense glycosuria, polyuria, thirst, loss of 
weight, increasing ketosis and went into 
complete coma on the fifth day. Injections 
of insulin failed to revive the dog. After 
several hours acidosis was apparently in- 
creasing (blood CO 2 decreased to H 
volumes per cent) and the dog appeared 
moribund although the hyperglycemia was 
reduced and glycosuria ceased. Intravenous 
injections of sodium bicarbonate solution 
were followed within a short time by signs 
of revival. After four hours w'hen the blood 
CO 2 had risen to 35 volumes per cent, the 
dog walked across the laboratory in search 
of food. With continuation of the usual 
injections of insulin complete recovery 
followed. 

More compelling arguments for the use 
of alkali may be found in the report by 
Kety et al.^® that in comatose patients 
lowered pH of the blood was closely corre- 
lated with depression of cerebral oxygen 
metabolism, which proved to be an im- 
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portant prognostic index of mortality. 
These investigators demonstrated that the 
arterial blood pH in comatose patients 
could be brought quickly to normal by 
intravenously injected doses of sodium 
bicarbonate just sufficient to raise the 
blood CO 2 content by only 10 or 15 volumes 
per cent. They point out that since large 
doses ai’e not necessary to bring the pH to 
normal, much of the objection against the 
intravenous use of alkalis in the treatment 
of coma can be met. 

. If the factor of acidosis, lowered pH of the 
body fluids, is recognized as a critical one 
in tissue damage that increases with the 
duration of coma, its early correction appears 
to be one of the most important steps in 
rational therapy. But when correction of 
acidosis is practised, dosage should be care- 
fully controlled. Continuous administration 
of alkalizing solutions (e.g., mixtures of 
sodium chloride and sodium lactate) has not 
infrequently led to tlie development of 
alkalosis and edema during the recovery 
period. Formulas employed for the calcula- 
tion of dosage of alkali^^ are based princi- 
pally on that of Van Slyke,^^ assuming that 
administered sodium bicarbonate will be 
distributed in fluids constituting 0.7 L. for 
each Kg. of body weight. Although the use 
of this formula (essentially empiric in 
derivation) has been criticized on theoretic 
grounds,^® it proves an extremely valuable 
aid for estimating amounts of alkali required 
to correct acidosis to within a range selected 
as desirable in a given case and to avoid 
overdosage. In our hospital we use the 
following formulas for estimating amounts 
of sodium bicarbonate (preferred) or sodium 
lactate required to raise the plasma CO 2 con- 
tent to between 10 and 15 m.Eq. per L., or to 
between 20 and 30 volumes per cent: 
b To raise the plasma CO 2 content 1 
m.Eq. /L., give 0.058 Gm. of NaHCOs 
or 4.2 cc. of M/6 Na-lactate solution, 
per Kg. of body weight. 

— To raise the plasma CO 2 1 volume per 
cent, give 0.026 Gm. NaHCOs or 1.8 cc. 
of M/6 Na-lactate per Kg. of body 
weight. 
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Glucose. Current discussions on the use 
of glucose in the treatment of coma are 
mainly concerned with the time at which 
its intravenous administration should be 
started. All authorities agree that glucose 
should be administered after the first four 
to six hours when the blood sugar is falling 
to normal levels or below, although there 
is . less agreement as to the amounts and 
manner of its administration after that time. 
Only a few pertinent points in the con- 
troversies that have been waged on this 
subject in the past need be recalled here. 

Objections to the early administration of 
glucose have been based principally on 
claims that at hyperglycemic levels glucose 
is toxic, it injures islet cells of the pancreas, 
causes hepatic and renal damage, has been a 
precipitating cause of coma and neutralizes 
insulin action. Some of the arguments of- 
fered in favor of the early administration of 
glucose are: that prior to treatment of coma 
there is a considerable carbohydrate deficit 
which should be covered by energetic re- 
placements; that carbohydrate starvation 
can aggravate the diabetic state; that with 
liver glycogen exhausted the total amount of 
available glucose in the body is not large 
despite hyperglycemia; that hypoglycemia 
should not be allowed to develop during 
insulin therapy because hypoglycemia ac- 
celerates glycogenolysis, again increasing 
ketogenesis; and that hyperglycemia favors 
hepatic glycogenesis and abolition of ketosis 
under certain conditions in diabetic sub- 
jects. The arguments and counterarguments 
on each of these points may be found in 
articles by Root,®® Joslin et al.,®° Peters,®® 
Soskin,"* Mirsky,®^ Tolstoi,®^ Franks et al.®® 
and Lee et al.®® 

The physiologic evidence suggesting that 
early and generous administration of glucose 
in the treatment of coma would be beneficial 
appears to be sound. Nevertheless, a number 
of investigators have reported unfavorable 
results from this procedure in the treatment 
of severely comatose patients. Two widely 
separated groups of investigators®®"®® com- 
pared the behavior of patients receiving 
perfusions of glucose solution during the 
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first four to six hours of treatment with that 
of patients receiving only saline solutions 
during the same period, carrying out essen- 
tially the same treatment in all of the pa- 
tients after the initial period. Both groups 
report that the early administration of 
glucose solutions led to prolonged hyper- 
glycemia, excessive diuresis, interfered with 
rapid rehydration and appeared to increase 
mortality significantly. In the interpretation 
of these reports it may be surmised that it 
was the diuretic effect of the glucose solu- 
tions that had unfavorable consequences, 
not any specific ill effect of the glucose itself 
within the body. Hypertonic solutions of 
glucose tend to aggravate diuresis more 
than isotonic solutions. In a series of cases 
of coma studied on the medical wards of the 
Cincinnati General Hospital the intrave- 
nous perfusion of 10 per cent glucose solution 
has been found to provoke severe diuresis, 
with urinary output sometimes nearly equal 
to the volume of fluids administered.^^ 

In the critical period just after the start 
of treatment, while acidosis persists and 
intracellular elements ‘'continue to pour 
out of the cells’’'^® into the plasma, any 
procedure leading to increased diuresis may 
be expected to increase the loss of electro- 
lytes in the urine. The extra loss of elec- 
trolytes induced by increased diuresis, even 
for a short period, may indeed be just 
sufficient to influence mortality. Excessive 
diuresis at this time is likely to have more 
deleterious effects than later, after acidosis 
has been corrected and insulin promotes 
anabolie readjustments in the cells. If this 
speculation is valid, the reports that have 
been cited constitute an additional reason 
for the early administration of NaHCOs to 
correct acidosis quickly, as a step to precede 
the start of glucose therapy. Evidence of ill 
effects of the perfusion of glucose solutions 
during the first hours of treatment should 
not be allowed to detract from the validity 
of arguments favoring the generous ad- 
ministration of glucose later. 

Multielectrolyte Therapy: Potassium, phos- 
phates, etc. Numerous formulas have been 
devised for fluids that provide in different 


ways for the correction of acidosis and for 
the supply of intracellular as well as the 
extracellular electrolytes.^®”®^ A basic ap- 
proach to this problem has been to employ 
mixtures of sodium chloride and sodium 
bicarbonate, or of sodium chloride and 
sodium lactate, to provide an excess of Na 
over Cl such as exists normally in extracellu- 
lar fluids of the body, with other elements 
added according to different indications or 
opinions as to needs. Hartman employed a 
modified lactate-Ringer’s solution to supply 
small amounts of K, Ca and Mg in addition 
to Na; in 1929 he added more potassium 
but this formula was temporarily abandoned 
“because sometimes the richer potassium 
solution seemed toxic.”®^ Interest in potas- 
sium therapy has, of course, been greatly 
stimulated by Darro\v’s studies on potassium 
metabolism in diarrheal disease of infants®®’®® 
and by many recent reports on the post- 
acidotic hypopotassemia symdrome, which 
emphasize the significance of potassium 
deficits that had long been known to exist 
in diabetic acidosis. 

With attention focused on phosphorus 
metabolism. Guest and Rapoport demon- 
strated that the administration of Na and K 
phosphates intravenously and by mouth 
hastened the restoration of normal concen- 
trations of phosphoric esters in the blood 
cells of patients and experimental subjects 
during their recovery from ammonium 
chloride acidosis, from the acidosis of diar- 
rheal disease in infants and from diabetic 
acidosis.®®'®®'®® We employed the S0rensen 
M /7.5 buffer solution, of pH 7.4, containing 
Na2HP04 15.2 Gm. and KH2PO4 3.6 Gm. 
per L., with concentrations of Na and K, 
respectively, 214 and 26 m.Eq. per L. In the 
treatment of diabetic coma in adult patients 
this solution was perfused intravenously in 
amounts up to a liter, in combination with 
insulin, physiologic salt solution, sodium 
bicarbonate for partial correction of acidosis 
and glucose. Concentrations of organic acid- 
soluble P in the blood cells of these patients 
rose quickly to normal in less than twenty- 
four hours in contrast to the slow rise lasting 
four to seven days observed in other patients 
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similarly treated but without the phosphate 
solution. Concentrations of inorganic P and 
K in the plasma fell sharply in the early 
hours of treatment. The concentration of K 
in the cells rose closely in parallel with 
the increasing concentration of organic 
phosphates. 

In 1948 Franks and co-workers described 
effects of the administration of a buffered 
solution of sodium phosphates in sixteen 
cases of severe diabetic acidosis, comparing 
the results with those observed in control 
subjects with fluid therapy limited to salt 
and glucose solutions. *'■* They reported that 
“the administration of sodium phosphate 
was accompanied with a tendency toward 
improved utilization of carbohydrate, a rise 
in plasma chloride and in carbon-dioxide 
combining power, an apparent retention of 
fluid in the vascular system, a rapid clearing 
of the mental state and a statistically signifi- 
cant decrease in fatality rate.” They con- 
cluded that the therapeutic regimen in 
diabetic coma .should include parenteral 
administration of sodium phosphate four 
to eight hours after the first dose of insulin. 

Butler and co-workers recently estimated 
the total electrolyte deficit of a volunteer 
subject going into severe acidosis following 
the withdrawal of insulin and during re- 
covery.29 On the basis of the metabolic 
balance data thus obtained they devised a 
formula for use in fluid and electrolyte 
replacement therapy that includes sodium 
lactate, potassium chloride, potassium phos- 
phate and sodium chloride: 30 m.Eq. of 
Na, 20 m.Eq. of K, 22 m.Eq. of Cl, 5 m.Eq. 
of phosphate and 20 m.Eq. of lactate per L. 
in a solution of 5 per cent glucose. This 
approach seems logical but, as these in- 
vestigators themselves state, before such 
therapy can be applied quantitatively more 
information is needed. 

In addition to metabolic data on total 
losses of electrolytes in acidosis and on the 
eventual uptake of electrolytes by the body 
during recovery, there is need for more 
knowledge of the conditions that determine 
*• changing ability of the tissue cells to 
assimilate various materials that are offered. 
November, 1949 
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The transfer of potassium and pho.sphate 
ions to cells is not so much dependent on 
their concentration in the plasma as upon 
enzymatic processes, which in turn are 
subject to the influence of changing condi- 
tions in the body fluids. 

There is abundant evidence that the 
depicted body recovering from diabetic 
acidosis, given the right conditions, is 
capable of taking up large quantities of 
intravenously injected potassium salts with- 
out an abnormal rise in concentration of 
potassium in the plasma. Howard and 
Carey®’’ mention an instance in which 35 
Gm. of KCl (467 m.Eq. of K) were injected 
into a patient in eighteen hours and less 
than 100 m.Eq. appeared in the urine. On 
the other hand, deaths have occurred from 
the incautious administration of much 
smaller amounts. All investigators studying 
this problem caution against the dangers of 
hyperpotassemia arising if solutions of 
potassium salts are administered too rapidly 
or too early in the treatment of coma, when 
the plasma potassium level is elevated, espe- 
cially in the presence of renal impairment. 

In the treatment of severely comatose 
patients when even without complete chemi- 
cal studies the need for potassium is reason- 
ably certain, it seems desirable and safe to 
administer 1 Gm. of KCl each hour for four 
doses, as now practiced in a number of 
centers. The first dose may be started at 
around the fourth hour of treatment, after 
acidosis has been partially corrected by the 
administration of sodium bicarbonate and 
when insulin is becoming increasingly ef- 
fective. Since relatively small amounts of 
KCl have afforded prompt relief of severe 
symptoms of respiratory paralysis, as in 
Holler’s original case, conservative dosage 
of this sort should suffice in most cases to 
prevent any acute manifestation of potas- 
sium deficiency. The time at which minimal 
corrective therapy is offered, if properly 
directed to negotiate each critical phase in 
coma and recovery, may be more important 
than speed in the replenishment of total 
deficits. After a patient has successfully 
passed through the critical early period of 



Diabetic Coma — Guest 


644 

recovery further restoration of the body 
stores and a more normal nutritional state 
can be accomplished efficiently by oral 
feeding. 

Whole Blood and for Plasma. The prob- 
lems of the restoration of circulating blood 
volume in the treatment of severe coma with 
circulatory collapse are similar to those en- 
countered in the treatment of surgical shock. 
When acidosis has been of short duration 
and dehydration abrupt, in patients whose 
previous nutritional state was good, hemato- 
crit values and concentrations of plasma 
protein are apt to be high, indicating hemo- 
concentration. In such cases the administra- 
tion of salt solution serves adequately to 
restore the circulating plasma volume. But 
if the concentration of plasma protein is 
normal or low at the start of treatment, it 
may fall sharply with dilution and the 
perfused salt solution may tend to leave 
the circulation. In such circumstances, and 
in any case if the blood pressure does not 
respond to the administration of saline 
fluids, whole blood or plasma transfusions 
should be administered promptly. This 
need is encountered more frequently in 
older patients than in young adults, rarely 
in children, in our experience. 

Vitamins. Several factors of the vitamin 
B-complex (thiamine, riboflavin, niacin) 
are essential to the enzyme systems involved 
in carbohydrate metabolism. Although there 
is no reason to believe that vitamin defi- 
ciencies are concerned in the etiology of 
diabetes, mutually aggravating factors can 
be defined in the metabolic disturbances of 
co-existent diabetes and avitaminosis.®® 
Vitamin deficiencies in diabetic subjects 
lead to increased needs for insulin; on the 
other hand, the stimulation of carbohydrate 
metabolism by tire administration of insulin 
and glucose in the treatment of coma 
abruptly increases the body’s needs for the 
vitamins. A diabetic crisis, coma and 
recovery may precipitate frank manifesta- 
tions of avitaminosis in subjects with previ- 
ously unrecognized deficiency states, with 
symptoms usually blossoming during periods 
of increased food intake and rapid gain of 


weight. Hence, it is a well justified common 
practice in many clinics to administer multi- 
vitamin B preparations with intravenous 
fluids during the treatment of coma and to 
continue generous amounts by mouth, sup- 
plementing realimentation in the recovery 
period. Inasmuch as phosphorylation of the 
vitamins into active forms in the body may 
be slow in diabetic acidosis,®’ it has been 
suggested that the use of phosphorylated 
preparations (when available) might be 
more quickly effective. Boulin, Uhry and 
co-work ers”'®^ and Markus and Meyer^^^have 
reported the use of a crystalline preparation 
of thiamine-pyrophosphate (cocarboxylase) 
in the treatment of coma. These authors 
offer the thesis that an important disturb- 
ance of carbohydrate metabolism in diabetic 
coma is involved at a stage in the Krebs 
tricarboxylic acid cycle in which insulin is 
not involved but cocarboxylase is essential 
for the conversion of pyTUvate; that the 
difficulty at this stage accounts for the find- 
ing of high blood-pyruvate levels in diabetic 
coma and that slowing of the disposal of 
pyruvate interferes with other phases of 
carbohydrate metabolism in \\hich insulin 
is involved. They claim for the scheme of 
treatment in which cocarboxylase was em- 
ployed (100 mg. cocarboxylase plus 10 mg. 
riboflavin) some reduction in the duration 
of coma and a considerable reduction in 
total requirements for insulin (in a small 
series of ten patients) compared with results 
previously obtained in the same clinic. 

The Prevention of Diabetic Acidosis and 
Coma. Under any system of diabetic con- 
trol, whether with rigid regimentation of a 
“prcscribed-diet-aglycosuric regimen,” or 
with liberal rules of the so-called “free-diet- 
glycosuric regimen,” instructions for home 
management should emphasize unceasingly 
the signs of impending trouble to which the 
patients (or parents of young diabetics) 
should be alert; excessive diuresis, loss of 
weight and acetonuria. Rapidly increasing 
ketonuria is the most dependable sign 
heralding the incipient development of a 
diabetic crisis, more dependable than glyco- 
suria as an index of the physiologic state of 
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the liver with regard to its glycogen store 
and cellular metabolism. Frequent testing 
of the urine for acetone should be an essen- 
tial part of any scheme for self-management. 
Use of the convenient acetone-test powders®® 
that are now commercially available makes 
this test easy, the least onerous task of the 
patient’s daily routine at home or elsewhere. 

It is especially urgent that tests of tlie 
urine for acetone be done during any illness, 
\vhether mild or severe, ^vith respiratory and 
gastrointestinal infections, diarrhea, vomit- 
ing, fever, the contagious diseases of child- 
hood, etc.; also, at times of physical injuries, 
unusual excitement, emotional stress. When 
acetonuria is discovered under any of these 
circumstances, extra insulin should be taken 
promptly. The development of a crisis can 
be more easily arrested by extra doses of 
insulin when aeetonuria first appears than 
later when the progressive development of 
acidosis involves factors that diminish the 
effectiveness of insulin. 
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Interstitial and Intracellular Fluid Spaces 
During Hydration and Dehydration in 
Normal and Edematous Subjects* 
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R ecent investigations indicate that 
both the plasma volume^"® and the 
^ intracellular fluid space'*’" are re- 
sponsive to changes in hydration. These 
observations are in opposition to the concept 
that the “losses of extracellular fluid from 
the vascular compartment caused by ab- 
normal circumstances are observed to be 
immediately replaced at the expense of 
interstitial fluid.” « 

The present investigation was undertaken 
to determine the extent of the contribution 
of each fluid compartment to the gain or 
loss of total body water during states of 
excessive hydration or dehydration in nor- 
mal subjects and after diuresis in edematous 
patients. In addition changes in the hema- 
tocrit and plasma protein concentration 
were assessed as to their reliability in 
predicting changes in plasma volume during 
huctuations in hydration. 

material and methods 

The normal subjects were young adult males 
a mitted to the wards of the Evans Memorial 
ospital for treatment of uncomplicated latent 
'ar primary syphilis. All subjects were afebrile 
an exhibited no cardiovascular or renal ab- 
normalities. The edematous patients comprised 
group with various diagnoses. 

Immediately follow ing control determinations 


in both normal and edematous subjects, dehy- 
dration was carried out by instituting a regimen 
of fluid restriction to 1,000 cc. daily, a diet 
containing a total of 0.8 Gm. of sodium per day 
and administration of 6 Gm. of ammonium 
chloride daily. On the evening of the fourth 
day 2 cc. of mercuhydrin were injected intra- 
venously and the experimental observations 
were repeated on the morning of the fifth day. 

Excessive hydration was produced in nor- 
mal subjects by administering daily doses of 
25 Gm. of sodium chloride orally and 10 mg. of 
desoxycorticosterone acetate intramuscularly 
for a period of five days with fluids and diet 
ad libitum. Control determinations were accom- 
plished immediately prior to the institution of 
this regimen, and experimental observations 
were carried out on the morning of the fifth 
day. In three of these subjects 2 cc. of mercu- 
purin were injected intravenously on the eve- 
ning of the fifth day followed by a further series 
of experimental observations on the morning 
of the sixth day. 

The methods used for determining plasma 
volume, plasma protein, hematocrit value and 
“thiocyanate space” have been previously 
reported® except that in the edematous patients 
a period of six rather than two hours was 
allowed for equilibration of thiocyanate. The 
thiocyanate space represents the total volume 
in which thiocyanate is distributed, including 
the plasma, red cells and interstitial Arid. 
Although thiocyanate measures a larger s; a j 
than that actually occupied by the extracellular 


* From the Evans Memorial, Massachusetts Memorial Hospitals and the Department of Medicine. Boston 
P ‘versity Medical School, Boston, Mass. This investigation was supported in part by the Squibb Institute for Medical 

Research, New Brunswick. N. J. 
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fluid volume, other methods available to 
clinical medicine, such as the chloride and 
sodium spaces, sufTer from similar disad- 


substances during acute experiments probably 
represent gains or losses of extracellular fluid. 
Because of the simplicity of the thiocyanate 


Table i 

THE CHANGES IN PLASMA VOLUME AND TOTAL EXTRACELLULAR (AVAILABLE) FLUID FOLLOWING 
HYDRATING AND DEHYDRATING PROCEDURES IN NORMAL INDIVIDUALS AND IN PATIENTS 

WITH DISTURBED WATER BALANCE 


.Subject 


Diagnosis 

Procedure 

Plasma Volume 
(cc.) 

Available Fluid 
(cc.) 

Plasma Volume 
Changell 

Before 

After 

Gain 

or 

Loss 

Before 

After 

Gain 

or 

Loss 

Available Fluid 
Change 

J.D. 

20 

■Primary syphilis 

Dehydration * * * § 

m 

2760 

-210 




.21 

E. L. 

28 

Primary syphilis 

Dehydration* 


2490 

-1100 

20,200 

17,800 


.46 

J. G. 

23 

Latent syphilis 

Dehydration* 

Bl 

2240 

-580 



-600 

.97 

V. B. 

23 

Primary syphilis 

Dehydration * 

3300 

2960 

-335 

17.250 


-1350 

.25 







-555 


■ 

-1340 

.47 

D.J. 

72 

Hypertension, 

Dehydration t 

3450 

2775 

-675 

34,600 

16,650 

-17,950 

.04 



cardiac failure 









D. E. 

40 

Cirrhosis, ascites 

Dehydration f 

iM 

4700 

-240 

34,200 

28,500 

-5700 

.04 

B. G. 

58 

Hypertension, 

Dehydration t 

Bl 

2695 

-315 

33,400 

14,700 

-18,700 

.01 ' 



Paget’s disease, 











cardiac failure 









C. F. 

74 

Chronic 

Dehydration t 

4270 

3580 

-690 

29,400 

22,900 

-6500 

.11 



nephritis, 











cardiac failure 















-480 



- 12,210 

.05 

W. S. 

24 

Primary syphilis 

Hydration f 


3420 



ilffi 


.18 


37 

Latent syphilis 

Hydration f 

3010 

3600 


21,650 

E M ■ 

-f6450 

.09 


31 

Primary syphilis 

Hydration f 

3330 

3690 


17,400 

E H 3 


.11 


30 

Primary syphilis 

Hydration J 

3120 






.11 







4-525 



+4640 

.12 

R. L. 

37 

Latent syphilis 

Dehydration § 


3000 

-600 



B8 

.11 

E. N. 

31 

Primary syphilis 

Dehydration § 

3690 

3260 


20,800 

16,450 



A. L. 

30 

Primary syphilis 

Dehydration § 


2945 

-745 

24,800 

17,250 

-7550 

.10 










-5850 

.10 


* Normal subjects dehydrated with low sodium diet, NH4CI and mercuhydrin. 

t Edematous patients dehydrated with low sodium diet, NH4CI and mercuhydrin 

t Normal subjects hydrated with excess sodium chloride and desoxycorticosterone acetate. 

§ Normal subjects previously hydrated as inf acutely dehydrated with single dose of mercuhydrin. 

II This value expresses the per cent gain or loss of toti extracellular (available) fluid contributed to by the change 
in the plasma volume. 

(Mean values in italics.) 


vantages.^® Furthermore, since the cellular 
elements which all of these eleetrolytes enter 
change in volume very slowly, the changes 
observed in the volume distribution of such 


method, it has greater advantage in clinica 
studies than other methods. Until such time as 
practical and accurate measurements of extra- 
cellular fluid volume are devised, the methods 
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used in this study must suffice with the realiza- 
tion that they are at best crude indicators of 
quantitative changes. 

The difference between the changes in the 
thiocyanate space and the plasma volume after 
hydration or dehydration represented the 
changes in the interstitial fluid space. Because 
of the absence of methods of determining the 
intracellular fluid space directly in man, the 
difference between the change in body weight 
in Kg. and the thiocyanate space in L. was 
used to calculate the change in intracellular 
fluid volume. It was assumed that since these 
patients were not acutely ill their food intake 
and tissue breakdown were relatively constant 
during the experiment and therefore the 
changes in weight represented almost entirely 
changes in total body water. Further, the 
experimental periods were never greater than 
five days. Again, the changes observed in 
intracellular fluid space should be considered 
as representing approximate rather than precise 
numerical values. 

All determinations were carried out in the 
morning with the patient in the postabsorptive 
state, resting supine in a warm room for at least 
one-half hour prior to drawing the first blood 
samples; venipunctures were accomplished 
with minimal stasis. After these determinations 
were completed the arterial pressure was 
recorded with an arm cuff and the subjects were 
weighed on a beam balance accurate to ± 2 Gm. 

RESULTS 

Relative Changes in Plasma Volume and 
Interstitial Fluid Space. When four normal 
subjects were dehydrated by the method 
just described, the mean decrease in plasma 
volume was 555 cc. (range 210 to 1,100 cc.) 
while the mean reduction in total extra- 
cellular (thiocyanate) space was 1,340 cc. 
(range 600 to 2,400 cc.). Thus the plasma 
volume contributed an average of 47 per 
cent of the decrease in total extracellular 
fluid (range 21 to 97 per cent). 

In the four edematous patients subjected 
fo the same regimen of dehydration the 
plasma voluirie contributed only 4 to 1 1 per 
cent (mean 5 per cent) of tlie decrease in the 
thiocyanate space. The absolute decrease of 
40 to 690 cc. (mean 480 cc.) in plasma 
Volume was approximately the same as in 
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the normal subjects but the reduction in 
the thiocyanate space was almost ten times 
as great (Table i) ranging from 5,700 to 
18,700 cc. with a mean of 12,210 cc. 

When four normal subjects were overly 
hydrated with an excess of salt and desoxy- 
corticosterone acetate, the thiocyanate space 
increased by 3,300 to 6,450 cc. (mean 
4,640 cc.). Again the mean increase in 
plasma volume of 527 cc. (range 360 to 600 
cc.) gained during excessive hydration was 
quite similar in amount to the mean de- 
crease in plasma volume during dehydra- 
tion. However, due to the apparently 
marked gain in interstitial fluid the increase 
in plasma volume made up only 9 to 1 9 per 
cent (mean 12 per cent) of the change in 
the total extracellular (thiocyanate) space. 

When three normal subjects thus exces- 
sively hydrated were subjected to a sudden 
diuresis by an intravenous administration 
of mercupurin, the plasma volume and 
thiocyanate space decreased in almost exact 
proportion as they had increased. As a 
result the plasma volume contributed 10 
to 11 per cent of the decrease in the '‘total 
extracellular space,” in contrast to the much 
greater percentage contribution made by 
the plasma volume when normally hy- 
drated individuals were dehydrated. (Table 
I-) 

Relative Changes in Total Extracellidar and 
Intracellular Flind Spaces. The four normal 
subjects who were dehydrated by the 
regimen just described lost 0.6 to 2.4 L. of 
fluid (mean 1.3 L.), from the total extra- 
cellular (thiocyanate) space. (Table ii.) 
During this period the loss of body weight 
ranged from 2.1 to 2.9 Kg. with a mean of 
2.6 Kg. Since 1 L. of fluid weighs 1 Kg., 
the difference between the amount of 
weight loss in Kg. and the total extracellular 
fluid loss in L. was taken to represent ap- 
proximately the change in intracellular 
fluid space. Calculated thus the intracellu- 
lar fluid space decreased by 0.5 to 2.2 L. 
(mean 1.2 L.). The proportion of total 
body water loss contributed by the total 
extracellular fluids varied from 22 to 83 per 
cent (mean 52 per cent), the remainder 
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presumably being made up from the 
intraeellular fluid space. 

In edematous patients similar dehydrat- 
ing procedures produced far greater drains 
in extracellular fluid. The thiocyanate space 
decreased by 5.7 to 18.7 L. (mean 12.2 L.) 


the body weight decreased by the lesser 
amount of 14.9 Kg. In the remaining pa- 
tients the intracellular losses of 2.0 to 4.75 
L. were slightly greater than the decreases 
in the non-edematous normal individuals. 
However, due to the greater changes in 


Table 11 

CHANGES IN TOTAL EXTRACELLULAR (AVAILABLE) FLUID AND BODY WEIGHT FOLLOWING HYDRATING 
AND DEHYDRATING PROCEDURES IN NORMAL INDIVIDUALS AND IN PATIENTS 


WITH EISTUREED WATER BALANCE 


Subject 

Body Weight 
(Kg.) 

1 

i 

Available Fluid 
Gain or Loss 
Liters II 

! 

Calculated 
Intracellular 
Fluid Gain or 
Loss 
(L.) 

Available Fluid Change ^ 

Before 

1 ! 

After 

1 

Gain 

or 

Loss 

Body Weight Change 

J.D.* 

72.7 

70.2 


1 

- 1.0 

- 1.5 

0.40 

E. L.* 

65.7 

62.8 

- 2.9 

- 2.4 

- 0.5 

0.83 

J. G.* 

74.4 

, 71.6 

- 2.8 

- 0.6 

- 2.2 

0.22 

V. B.* 

62.5 

60.4 

- 2.1 

- 1.35 

- 0.75 

0.64 

Mean 


i 

- 2.6 

- 1.3 

- 1.3 

0.52 

D. J-t 

63.2 

40.5 

- 22.7 

- 17.95 

- 4.75 

0.79 

D . E.t 

84.6 

76.9 

- 7.7 

- 5.7 

- 2.0 

0.74 

B . G.t 

51.4 

36.5 

- 14.9 

- 18.7 

+ 3.8 

1 1.26 

c . o.t 

75.2 

66.1 

- 9.1 

- 6.5 

- 2.6 

0.72 

Mean 



- 13.6 

- 12.2 

- 1.4 

0.88 

w . s.t 

72.4 

75.5 

+ 3.1 

+ 3.3 

- 0.2 

1.06 

R . L.t * 

80.2 

84.0 

+ 3.8 

+ 6.45 

- 2.65 

1.70 

E. N.t 

61.2 

63.9 

+ 2.7 

+ 3.4 

- 0.7 

1.26 

A. L.t i 

72.6 

75.8 

+ 3.2 

+ 5.4 

- 2.2 

1.68 

Mean 

1 

1 

+ 3.2 

+ 4.6 

I 

1.67 

R. L.§ 

84.0 

79.2 

- 4.8 

- 5.6 

+ 0.8 

1.17 

E. N.§ 

63.9 

60.6 

- 3.3 

- 4.4 

+ 1.1 

1.33 

A. L.§ 

75.8 

72.1 

- 3.7 

- 7.55 

+ 3.85 

2.04 

Mean 



- 3.9 

- 5.85 

+ 1.9 

1.13 


fj 1 ) §i same notations as in Table i. 

11 Values derived from Table I. 

ii Expresses the per cent of weight gain or loss contributed by the change in total extracellular (available) fluid. 


while body weight decreased by 7.7 to 
22.7 Kg. (mean 13.6 Kg.). The total extra- 
cellular (thiocyanate) space contributed 
72 to 126 per cent (mean 88 per cent) of the 
change in total body water. (Table 11 .) In 
patient B. G., Table n, almost 4 L. of fluid 
appeared to move into cells since the 
thiocyanate space decreased 18.7 L. while 


the thiocyanate space in the edematous 
patients, the proportionate loss of intra- 
cellular fluid averaged only 22 per cent of 
the total body water as contrasted to 48 per 
cent in the normal subjects. 

The excessive hydration produced in 
normal subjects by administration of salt 
and desoxycorticosterone acetate appeared 
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to result in a movement of fluid out of tlie 
intracellular' into the extracellular space. 
Thus, whereas the mean increase in the 
thiocyanate space was 4.6 L. (range 3.3 to 
5.45 L.) the mean increase in body weight 
was only 3.2 Kg. (range 2.7 to 3.8 Kg.). 
The apparent decrease in intracellular 
fluid, therefore, averaged 1.9 L. with a 
range of 0.2 to 2.65 L. 

However, when mercuhydrin was ad- 
ministered intravenously to these overly 
hydrated subjects, the fluid shifts were such 
as to restore within twelve hours the ap- 
proximate pretreatraent control conditions. 
In the three subjects studied the mean 
decrease in thiocyanate space was 5.85 L. 
(range 4.4 to 7.55 L.) and body weight was 

3.9 Kg. (range 3.3 to 4.8 Kg.), an apparent 
mean gain in intracellular fluid volume of 

1.9 L. (range 0.8 to 3.85 L.). Thus mercu- 
purin appeared to be a specific antagonist 
of the salt and desoxycorticosterone acetate 
effect. 

Relation of Changes in Hematocrit Value and 
Plasma Protein Concentration to Changes in 
Plasma Volume. To calculate the change in 
plasma volume from the hematocrit values 
the following formula was used; 


APV 


Hi - H2 

H^l - Hi) 


APV represents the change in plasma 
volume. Hi the original hematocrit and H2 
the hematocrit value following dehydration 
or hydration. The ratio of the per cent 
change in plasma volume as determined 
hy the dye method to the per cent change 
as calculated from the hematocrit values 
varied from unity by 0.4 to 2.12 (mean 
.0.93, S.D.O. 24). The correlation coefficient 
calculated from the equation 


— 2XiX2 

V(SxF)(Sx22) 

Was 0.49. Thus, although the change in 
ematocrit value indicated the directional 
c lange in plasma volume in every instance, 
It failed to determine quantitative change 
accurately. 
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The ratio of the per cent change in 
plasma volume to the per cent change in 
plasma protein varied from unity by 0.5 to 
1.6 (mean 1.3, S.D. 0.18). The correlation 
coefficient was 0.68. The change in plasma 
protein concentration, therefore, seemed to 
indicate the degree of plasma volume 
change more accurately than the hemato- 
crit. However, the agreement was not 
sufficiently close to warrant quantitative 
estimation. 

Changes in Arterial Pressure. In the de- 
hydrated subjects no significant changes in 
arterial pressure were noted in the supine 
position although one patient complained 
of faintness in the erect position following 
diuresis. In all of the normal subjects who 
were given salt and DCA in excess, the 
supine mean arterial (one-half the sum of 
the systolic and diastolic) pressure rose 
slightly, the mean rise being 10.6 per cent 
(range 6.7 to 15.2 per cent). 

COMMENTS 

The results of this investigation suggest 
that neither the plasma volume nor the 
intracellular fluid volume are static under 
conditions of changing hydration. During 
dehydration in normal subjects approxi- 
mately 25 per cent of the loss of total body 
water was contributed by the plasma 
volume, 25 per cent by the interstitial fluid 
and 50 per cent by the intracellular fluid. 
Mellers, Muntwyler, Meutz and Abbot^ 
also observed a marked reduction of plasma 
volume in dogs who were dehydrated by 
various procedures including the intra- 
peritoneal injection of 5 per cent glucose, 
starvation and the production of pan- 
creatic fistulas. 

In contrast, similar dehydrating pro- 
cedures in patients with gross edema pro- 
duced a loss of total body water of which 
approximately 5 per cent was supplied by 
the plasma volume, 85 per cent by the 
interstitial fluid and 10 per cent by the 
intracellular fluid. However, despite the 
smaller percentage changes of plasma and 
intracellular fluid volumes the absolute 
amount of fluid loss from these compart- 
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ments usually was approximately the same 
in both the normal and the edematous 
subjects, the difference in proportion being 
due to the far greater absolute losses of 
interstitial fluid in the edematous patients. 
It is evident that with the greater diuresis 
in edematous as contrasted to normal 
individuals the plasma volume must con- 
tribute a smaller percentile loss to the fluid 
depletion of edematous subjects in order to 
prevent excessive hemoconcentration. 

When normal subjects were overly hy- 
drated with excess salt and desoxycortico- 
sterone acetate, the interstitial fluid took 
up relatively large amounts of water. As a 
result the plasma volume gain averaged 
only 12 per cent of the increase in total 
extracellular (thiocyanate) space although 
the absolute increase in plasma volume was 
similar in amount to the reduction occur- 
ring during dehydration of normal subjects. 
The intracellular fluid volume appeared to 
decrease during this period, with an average 
shift of almost 2 L. of fluid from the intra- 
cellular to the extracellular space. A similar 
fluid shift following desoxycorticosterone 
acetate has been noted previously by Loeb 
and his associates'- in a patient with 
Addison’s disease. Also a slight decrease in 
the intracellular water of muscle tissue 
after desoxycorticosterone acetate adminis- 
tration has been observed in dogs by 
Harkness and his associates.® In addition, 
they noted considerable replacement of 
intracellular potassium with sodium. It 
should be noted that the apparent decrease 
in intracellular fluid space presumes that 
the distribution of thiocyanate is the same 
after as compared to before DCA. 
However, it is possible that the thiocyanate 
ion may penetrate cells to a greater extent 
after DCA, due to (possible changes in 
cellular permeability produced by the drug, 
with the result that the shift of fluid from 
the cells to the interstitial compartment 
would be more apparent than real. 

Following the injection of mercuhydrin, 
there appeared to be a specific reversal of 
this DCA effect, with a return of 
plasma volume, thiocyanate space and body 


weight to approximate pretreatment values. 
These changes toward normal indicated 
an apparent shift back into the intracellular 
space of the fluid previously lost to the 
extracellular compartment. 

Although the plasma volume and intra- 
cellular fluid space appeared to fluctuate 
in both normal and edematous patients 
with changes in hydration, the absolute 
amount of change in these fluid compart- 
ments appeared to be relatively constant 
under the varied conditions of these ex- 
periments. The mean decrease in plasma 
volume with dehydration in normal sub- 
jects agrees closely with the plasma volume 
reductions observed by Lyons, Avery and 
Jacobson' in a similar experiment while the 
mean increase in plasma volume in overly 
hydrated patients is in good agreement with 
the increases of plasma volume observed by 
Clinton and Thorn' who also produced 
excessive hydration in normal individuals 
with DCA. While such uniformity may 
be fortuitous, it suggests that relatively 
constant fractions of the plasma volume and 
possibly the intracellular fluid space are 
able to shift during changes in hydration. 
It is possible that greater changes in plasma 
and intracellular fluid volume would occur 
only under more drastic conditions than 
those induced during these studies.^ 

However, the interstitial fluid space ap- 
peared to take up relatively large amounts 
of fluid, and once having taken up an 
excess appeared to contribute a larger share 
to the diuresis resulting from dehydrating 
procedures. Thus beyond certain limits the 
interstitial fluid space appeared to “spare 
the plasma and intracellular fluid volumes. 
This relatively great capacity of the inter- 
stitial fluid space was not apparent, how- 
ever, in the dehydrated normal patients. 
Although the degree of dehydration was 
not excessive in these experiments, the fact 
that clinically the hematocrit may rise to 
high values during dehydration suggests 
that the ability of the interstitial fluid space 
to spare plasma volume is not as great 
during severe dehydration as it is during 
excessive hydration. 

AMERICAN JOURNAL 


OF MEIDCINE 



Fluid Shifts in Hydration and Dehydration — heard, Frets 653 


The changes in the hematocrit value and 
plasma protein coneentration reflected quali- 
tatively rather than quantitatively the 
fluctuations in plasma volume and would 
seem to have value clinically only as rough 
guides to the directional changes in plasma 
volume. Since in the absence of hemorrhage 
the red cell volume is relatively stable, it 
appeared somewhat surprising that the 
hematocrit change should be less aceurate a 
measure of plasma volume shifts than the 
change in plasma protein concentration. 
However, sinee the hematocrit value differs 
in the small as contrasted to the large 
vessels,^® the venous blood samples do not 
measure aeeurately the total body hemato- 
crit. Further, it is possible that some redis- 
tribution of the fluid and eellular elements 
of the blood may occur under conditions of 
changing body hydration. 

SUMMARY AND CONCLUSIONS 

Determinations of plasma volume (T- 
1824), thiocyanate space, body weight, 
hematocrit value and plasma protein con- 
centration carried out before and after 
hydrating and dehydrating procedures in 
man revealed that: 

1. During acute dehydration produced 
by salt and fluid restriction plus ammonium 
chloride and mercupurin in four normal 
subjects the plasma volume and interstitial 
fluid space each contributed approximately 
25 per cent of the total weight loss. By 
inference the intracellular fluid apparently 
contributed 50 per cent of the loss. 

2. During similarly induced dehydration 
in four edematous patients the interstitial 
fluid compartment contributed approxi- 
mately 85 per cent, the plasma volume 
approximately 5 per cent and the intra- 
cellular fluid space 10 per cent of the body 
water loss. 

3. The greater percentage loss of total 
extracellular fluid in the edematous as 
contrasted with the normal subjects was 

ue to the greater absolute amount lost 
loin the interstitial fluid space in the 
edematous patients. The absolute loss of 
P asma and intracellular fluid volumes 
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was essentially similar in the edematous 
and normal individuals. 

4. During excessive hydration of four 
normal subjects with salt and desoxy- 
corticosterone acetate there was a propor- 
tionately great increase in interstitial fluid 
volume, a proportionately less increase in 
plasma volume and an apparent shift of 
fluid from the intracellular to the extra- 
cellular compartment. Mercuhydrin ap- 
peared to reverse this abnormal distribution 
of body water after DCA. 

5. The absolute amounts of gain or loss 
from the plasma volume and the calculated 
intracellular fluid space were relatively 
constant under the conditions of these 
experiments, the proportionate differences 
being accounted for by the lability of the 
interstitial fluid space. 

6. The per cent changes in hematocrit 
value and plasma protein concentration 
during these studies indicated qualitatively 
but not quantitatively the per cent changes 
in plasma volume. 
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Insulin Mixtures* 


Experiences in the Use of Extemporaneous Bottle Mixtures in 

Diabetic Clinic Patients 


Bert H. Wiesel, m.d., A. Bankston Riser, m.d. and Stanley S. Kahn, M.D.f 

Birmingham, Alabama 


T he principle of prolonged action has 
been the basis of a number of refine- 
ments in the management of dia- 
betes mellitus since the introduction of 
protamine zinc insulin in 1935. The latent 
period after injection soon proved to be, the 
major defect in the mechanics of this insulin 
although it is of no importance in the milder 
cases requiring up to 40 units of insulin 
daily to produce a normal fasting blood 
sugar. In the severer diabetics there is either 
a postprandial hyperglycemia, particularly 
after breakfast, or frequent early morning 
hypoglycemia when the insulin dosage is 
increased to avoid this. These diabetics must 
then be given additional unmodified insulin 
for its immediate effect, as well as prota- 
mine zinc insulin which controls the morn- 
ing blood sugar. Satisfactory control for a 
number of diabetics could be achieved only 
by two or more injections of insulin daily 
with greater care being required to avoid 
untoward side effects. 

Attempts to develop a preparation with 
the depot action of protamine zinc insulin 
combined with the immediate effect of 


unmodified insulin were the logical resu 
Several reports on the injections of the tv 
insulins in combination appeared, but 
Was not until 1941 that Ulrich pointed oi 
nat thorough mixing was necessary 
achieve predictable results. He found th 
t e excess protamine was utilized to pr 
uce more long-acting insulin and th 
css than one part of regular insulin to oi 


part protamine produced no change in 
action of the mixture. Equal parts or more of 
unmodified insulin resulted in a preparation 
with characteristics of both types, and he 
showed that a 3 : 2 mixture controlled post- 
prandial glycosuria. This most promising 
innovation was investigated in more detail 
by a number of other workers, and the 
time-activity and approximate proportion- 
ate insulin contents of different mixtures 
were worked out.^~® Other modifications 
have been investigated,'’® but extemporane- 
ous mixtures modified to fit the needs of the 
individual patient seem to have the most 
established usefulness. 

The routine of management of diabetes 
mellitus in the Diabetie Clinic of the 
Medical College of Alabama must be 
gauged to the low educational and economic 
level of the clinic population. Until 1944 
severe diabetics were treated with large 
doses of protamine zinc insulin and a post- 
prandial spill was tolerated. Very few of 
the patients were capable of following a 
regimen of rigid diet and multiple doses of 
unmodified insulin with a single dose of 
protamine zinc insulin. Despite simplifica- 
tion of diet and a minimum of insulin 
injections, cooperation was poor and epi- 
sodes of acidosis and insulin reactions were 
far too frequent. In 1944 a cautious trial 
of insulin mixtures was begun in those 
patients presenting the greatest problems 
in control. It was found almost at the outset 
that mixing of the insulins in a syringe as 
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described in all of the published reports at 
that time was too complex a procedure in 
this type of individual. For this reason the 
first patients were hospitalized and given 
standardized mixtures prepared in the 
syringe in this manner. They were then 


Table 1 

GUIDE FOR MIXING INSULIN 


Mixture 

Bottles 

Prescribed 

Insulin 

Per Bottle 

Excess 

Final 

Amount 

of 

Mixture 

Regu- 

lar 

PZI 

Regu- 

lar 

PZI 

Regular 

pzr 

1.1 

1 


5 cc 

5 cc 

0 

0 

20 cc 

3:2 

2 

1 

6 cc 

A cc 

+ 2 cc 

— 2 cc 

30 cc 

2.1 

2 


6 5 cc 

3 5 cc 

+0 5 cc 

— 0 5 cc 

30 cc 

7:3 

2 


7 cc 

3 cc 

— 1 cc 

+ 1 cc 

30 cc 

3:1 

2 

1 

7 5 cc 

2 5 cc 

— 2 5 cc 

+ 2 5 cc 

30 cc 


changed over to a mixture of the same 
proportion prepared in a bottle. Mixtures 
prepared in amounts up to 1,600 units at 
one time gave no clinical results apprecia- 
bly different from that expeeted of those 
prepared in the syringe, and after some 
experience patients were changed directly 
from protamine zinc insulin or a combina- 
tion of insulins to a premixed preparation. 
During the course of this study a report 
appeared which confirms our finding that 
after the original changes occur in mixing 
the insulin no further alteration in action 
is apparent due to the time elapsing before 
the insulin is used.^' 

All patients on insulin mixtures were 
given one of the standard clinic diets. 
These consist of moderately high carbo- 
hydrate allowances in the following pro- 
portions; 

1,280 calories, 120 Gm. CHO 
1,510 calories, 150 Gm. CHO 
1,750 calories, 165 Gm. CHO 
1,900 calories, 180 Gm. CHO 
2,000 calories, 200 Gm. CHO 

The diet outline is presented in household 
measures, and each patient keeps a note- 
book which is checked by the dietitian at 
every clinic visit. Additions or subtractions 
are made to these standard diets as excess 
weight or physical activity may indicate. 


Fasting blood sugar and urinalysis are 
obtained at each visit, and a blood sugar 
level of 90 to 130 mg. per cent is taken to 
indicate satisfactory control. The insulin 
prescription is prepared and the clinic 
nurse mixes the insulin for the patient 


Table n 

252 CONSECUTIVE REGISTRATIONS OF DIABETIC CLINIC 
PATIENTS 



No 1 
of 

Cases 

%of 

Total 

Sex 

Race 

Mean 

Age 

Male 

Fe- 
male | 

W hue 

Col 

ored 

Diet alone 

33 

13 

3 


B 

26 


PZI onl> 

151 

60 

40 



96 


PZI plus regular 

1 

0 4 

1 


1 

0 


Mixtures 

67 

26 6 

25 


32 

35 


Totals 

1 252 

1 


I 69 

183 

95 

157 

48 7 


during the visit in amounts calculated to 
last until the next appointed visit. 

All precautions are taken to avoid con- 
tamination. Sterile empty insulin bottles 
are available to facilitate mixing without 
excessive transferring of the material. The 
nurse responsible for mixing the insulin is 
guided by a chart which has been prepared 
for this purpose. (Table i.) Care is taken 
that the syringes are freshly sterilized and 
the bottle tops are thoroughly cleansed 
with alcohol. The proper amount of insulin 
is withdrawn from a new vial containing 
10 cc. The other type insulin is then added 
as indicated, care being taken first to 
withdraw the proper amount of air so that 
excessive foaming does not occur. Excess 
insulin which results is kept and used to 
make up a deficit in a later mixing. One 
or two extra vials of insulin ensure the 
prevention of any waste at all. 

Twenty-four-hour urine specimens are 
not obtained but in some cases it has been 
possible to have the patient record urinalyses 
for sugar three times daily. If a patient 
suffers from numerous reactions or if there 
is persistent hyperglycemia, hospitalization 
is instituted. 

An analysis of 252 consecutive clinic 
registrations is presented in Table ii. The 
thirty-three patients controlled on diet 
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alone represent 13 per cent of the group 
witli a mean age of fifty-one years. Prota- 
mine zinc insulin given as one injection in 
the morning before breakfast is employed 
in 151 cases or 60 per cent of the total, the 
mean age being 53.4 years. Only one 
Table ni 


ANALYSIS OF PATIENTS ON INSULIN MIXTURES 


Mix- 1 

ture 

Total 1 
No. 

1 

%o[. 

Total 

Male 

Fe- 

male 

White ' 

Colored 

Mean ■ 
Age 

1 Mean 

Dos- 

age 

1:1 

28 

41.8 

10 

18 

17 

11 

34.9 

59.7 

3:2 

I 

1 .5 

1 i 

0 


1 

30 

65 

2:1 

27 

40.3 

10 

17 

15 

12 

37.7 

69.9 

7:3 

7 

10.4 

3 

4 

0 

7 

39.8 

68 - 

3:1 

4 

6.0 

1 

3 

0 

4 

35.2 

62.5 

Total 

67 

1 ■■■■ 

1 

25 

42 

32 

35 

36.5 

' 64.9 

i 


patient received supplementary unmodified 
insulin injections in addition to depot 
insulin. The patients with the more severe 
cases that in the past have had to have 
such treatment are included in the group 
of sixty- seven patients given insulin mix- 
tures. This represents 26.6 per cent of the 
patients with a mean age of 36.5 years. 
The marked difference in the mean age of 
those on mixtures as compared with those 
on protamine alone or diet is illustrative 
of the younger, more severe diabetics 
requiring the mixture. The clinic popula- 
tion as a whole is pictured in this tabula- 
tion. The greater proportion of colored to 
white patients illustrates the composition 
of the clinic population of a southern 
charity out-patient department. 

Table m presents an analysis of the sixty- 
seven patients receiving mixtures, all using 
premixed bottle mixtures. The greatest 
group, twenty-eight cases or 41.8 per cent, 
are on a 1:1 mixture with a mean dosage 
0 59.7 units. The next largest group is that 
given two parts of unmodified insulin to 
one part of protamine zinc. There were 
twenty-seven patients on this 2 : 1 mixture 
representing 40.3 per cent with a mean 
osage of 69.9 units. This difference in 
tota dosage is probably significant and is 
tn 'eeping with the experience of others 
o find that the greater the total dosage, 

0 greater the requirement of unmodified 
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insulin in proportion to protamine. Other 
ratios are used much less frequently, but 
any proportion may be mixed to suit the 
demands of the individual patient. 

There has been no attempt to obtain a 
control group by keeping a part of the 
group on protamine and supplementary 
unmodified insulin, mainly because of the 
previous difficulties encountered in this 
method of treatment. It is possible to com- 
pare the behavior of patients with records 
of several years of treatment prior to being 
placed on bottle mixtures. Three cases 
representative of satisfactory results are 
briefly presented: 

CASE REPORTS 

Case i. H. T., aged twenty-two, was a negro 
male. This patient was admitted October 15, 
1942, at which time diabetes was diagnosed. He 
was discharged after being given 60 units of 
protamine zinc insulin. On October 16, 1943, 
he was re-admitted in diabetic acidosis. Fifty 
units of protamine zinc insulin was the dose on 
discharge. Control remained generally unsatis- 
factory and on July 10, 1947, he was re-ad- 
mitted for standardization and discharged on 
65 units of a 2 ; 1 mixture. He has required no 
admission since this date and control has been 
more satisfactory. 

Case ii. S. I., aged forty-four, was a negro 
male. Diabetes was diagnosed elsewhere in 1924 
or 1925, and he was first seen in the clinic on 
July 24, 1945. He was placed on 80 units of 
protamine zinc insulin daily and remained on 
this dosage until March 29, 1946, during which 
time his blood sugar ranged from 96 to 310 mg. 
per cent. He was then placed on 65 units of a 
7:3 mixture which was gradually decreased to 
45 units. His blood sugars have ranged from 
60 to 180 mg. per cent with one exception; 
there have been no severe reactions or hospital 
admissions. 

Case hi. E. M. B., aged eighteen, was a 
negro female. Diabetes was diagnosed in 1935, 
and treatment with insulin was begun elsewhere 
in 1936. She was first seen in the clinic on 
March 20, 1945, and given 40 units of prota- 
mine zinc insulin tv'ice daily. On September 6, 
1945, she was admitted in mild acidosis. She 
was placed on a 2 : 1 mixture on September 20th 
and was discharged using 90 units of a 2:1 
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mixture. On October 18, 1945, she was changed 
to a 7:3 mixture. She was re-admitted to the 
hospital on December 29, 1945, in acidosis 
accompanying acute tonsillitis. Upon discharge 
she was given a 1 : 1 mixture, 90 units in divided 
doses, morning and evening. In June, 1947, 
elective tonsillectomy was performed, and she 
was discharged taking 100 units of a 2 : 1 mixture 
given in one daily morning dose. She did so 
well that she lapsed in her clinic visits after 
December, 1947, and was not seen again until 
April 14, 1948, when she was admitted to the 
hospital with polyarthritis, hypertension and 
mild acidosis. Since her discharge, she has been 
well regulated on a dosage of 95 units of a 
2:1 mixture. 

Some of the patients show poor control 
on mixtures but often there is complete 
disregard of diet and irresponsibility in 
reporting complications. The fourth case 
is presented as an example of this type: 

Case iv. L. C., aged sixteen, was a white 
female. Diabetes was diagnosed at the age of 
four. She was first treated in the clinic in July, 
1945, and given protamine zinc insulin. Hospital 
admissions were necessary in September, 1945 
for diabetic leg ulcers and in August, 1946, for 
impetigo. After the second admission she was 
discharged on 90 units of a 2:1 mixture. On 
November 9, 1946, the dosage was changed to 
65 units of a 3:1 mixture with no improvement 
in control. On April 7, 1947, she was admitted 
in acidosis and precoma accompanied by acute 
pharyngitis. Upon recovery she was discharged 
on 90 units of a 3 : 2 mixture. A fourth admission 
occasioned by acidosis occurred in June, 1947, 
and she was discharged on 80 units of a 2:1 
mixture. On July 2, 1947, she was admitted with 
an abscess of the right thigh, apparently due to 
use of an unsterile insulin syringe. Culture of 
the insulin revealed no organisms to be present. 
On September 15th she was again admitted 
udth an abscess of the thigh, and after incision 
and drainage she was discharged using 75 units 
of a 2:1 mixture. There have been no subse- 
quent admissions, but control has been poor 
on 75 to 80 units of a 2:1 mixture, the blood 
sugar ranging from 58 to 263 mg. per cent. 

In addition to poor control due to im- 
proper cooperation, Case rv^ represents one 
of t^vo instances of abscess formation that 


have occurred in patients receiving pre- 
mixed insulin. The possibility of contamina- 
tion in mixing the insulins tvas seriously 
considered at the outset, but it was believed 
that there was less chance of infection in 
mixing the insulins under ideal conditions 
in the clinic than there would be in allowing 
these patients to take multiple injections at 
home or to attempt to mix the insulins in the 
syringe. Despite the mixing of from two to 
four vials of insulin at one time, the un- 
sterile syringe remains the greatest hazard 
insofar as infections are concerned. 

SUMMARY AND CONCLUSIONS 

An analysis of 252 diabetic clinic pa- 
tients is presented, sixty-seven of whom 
have been under treatment with insulin 
mixtures. 

Insulin mixtures have a place in the 
management of severe diabetics, juvenile 
diabetics and moderately severe adult 
diabetics. The necessity of multiple injec- 
tions is avoided, and control is more satis- 
factory than with one injection of prota- 
mine zinc insulin and supplementary injec- 
tions of unmodified insulin. 

Insulin mixtures may be premixed in the 
desired proportion in the bottle ^vith no 
change in action apparent clinically and 
with little danger of infection. 
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Cardiac Complications of Diabetes Mellitus* 

Irving M. Liebow, m.d. and Herman K. Hellerstein, m.d. 

Cleveland, Ohio 


D iabetes mellitus is a metabolic 
disease. Even if the abnormal 
metabolism remains well con- 
trolled, however, the complications of the 
chronic disease are frequent, widespread 
and often permanent. Among the most 
common of these complications is heart 
disease. The heart is also involved occasion- 
ally when control of the disease is tempo- 
rarily out of hand. Such lack of control may 
be in the nature of acute undertreatment 
(acidosis) or accidental overtreatment (hy- 
poglycemia), and each of these states may 
give rise to cardiac complications. This 
paper is a summary of these cardiac com- 
plications of diabetes mellitus. 

COMPLICATIONS OF THE CHRONIC DISEASE 

Coronary Artery Sclerosis. It has been 
generally accepted that the incidence of 
arteriosclerosis is greater among diabetics 
than among non-diabetics. With the de- 
velopment since 1912 of the clinical entity 
of coronary occlusion and resultant myo- 
cardial infarction and with the increased 
interest in diabetes since the introduction 
of insulin ten years later, much attention 
has been paid to the relation of diabetes 
mellitus to coronary sclerosis specifically. 
For references to early articles on the subject 
the reader is referred to the bibliographies 
in articles by Blotner^ and Root and 
Sharkey.” Subsequent articles on the subject 
are summarized in Table i. It is evident 
from this table that there is a greater inci- 
dence of coronary arteriosclerosis in dia- 
betics than in non-diabetics. 

One. of the striking aspects of this increased 
occurrence of coronary arteriosclerosis 


among diabetics is the sex incidence. In the 
general population the male sex is more often 
affected, the ratio generally being accepted 
as 3 or 4 to 1.^” In the diabetic group, how- 
ever, there is a marked increase in the 
incidence of coronary sclerosis among fe- 
males and the ratio therefore decreases. All 
authors are in agreement on this point 
although they may diflfer as to the degree 
of change. Blotner^ reported that of thirty- 
four diabetics with coronary sclerosis twenty- 
two were female, a ratio of males to females 
of 1 : 1 .8. This represents a complete reversal 
of the figures among normals. In a study of 
coronary disease in non-diabetics Nathan- 
son® found a ratio of 3:1 but in a similar 
study of diabetics^ the incidence dropped to 
1.8:1. Hart and Lisa^® investigated specif- 
ically the sex factor in arteriosclerosis of 
diabetics. Moderate and severe coronary 
involvement of persons over forty years of 
age in a large control group showed a ratio 
of males to females of 1 .1 1 : 1 ; in the diabetic 
group this fell to 1 : 1.04. 

There has been evidence that the occur- 
rence of arteriosclerosis in diabetics is re- 
lated to the duration of the disease and not 
necessarily to the age of the patient. War- 
ren*® reports that in 484 autopsies on dia- 
betics whose disease had lasted five years or 
more he has seen only four cases which were 
free from arteriosclerosis. Arteriosclerosis 
was present in all the others regardless of 
age. Shepardson** studied the effect of 
diabetes of five or more years’ duration in 
a group under forty years of age (fifty cases) 
and found roentgen evidence of peripheral 
arteriosclerosis in 36 per cent. Rabinowitch, 
Ritchie and McKee*® found that among 


From the Department of Medicine, Western Reserve University and the Lakeside Hospital, Cleveland, Ohio. 
Read before the Cleveland Diabetes Society, January 17, 1949. 

660 AMERICAN JOURNAL OF .MEDICINE 




Cardiac Complications in Diabetes — Liebow, Hellerstein 66 1 


diabetics under fifty years of age who had 
diabetes five years or more cardiovascular 
disease in general occurred in 85.1 per cent. 
In a study of 200 diabetics below fifty years 
of age followed for twenty-five years, Dolgcr^® 
found that every patient developed vascular 


stances. This figure of 2 per cent is higher 
than the incidence of diabetes in the general 
population. Root, Bland, Gordon and 
White® found significant coronary sclerosis 
(narrowing or occlusion) in 9 per cent of 
diabetics under the age of forty and in only 


Table i 

CORONARY ARTERIOSCLEROSIS OCCURRENCE IN POSTMORTEM STUDIES 


Author 

Degree of Sclerosis 

Age Group 

Non-diabetics 

Diabetics 

No. of 
Cases 
Studied 

Incidence 

of 

Coronary 
Sclerosis 
Per cent 

Incidence 

of 

Coronary 
Sclerosis 
Per cent 

No. of 
Cases 
Studied 

i 

Blotner^ 

Well marked 

Controls: 

40-80 

Diabetics; 

13-85 

450 

21 

45 

77 

j 

Nathanson'* 

Marked 

Over 50 yr. 

249 

8.2 

52.7 

74 

Root and Sharkey- 

Occlusive 

40 and over 

170 

13 

46.7 

157 

Root, Bland, Gordon and White® 

Narrowing with or 
without occlusion 

40 and over 

2,310 

29 

56 

316 

Lisa, Magiday, Galloway and Hart^ 

Severe 

40 and over 

2,250 

29 

46 

193 

Stearns, Schlesinger and Rudy" 

Narrowing with occlu- 
sion or myocardial 
fibrosis 

Over 40 

400 

37 

74 

50 

Millard and Root® . 

Occlusion or marked 
narrowing 


2,310 

29 

68 

106 


damage regardless of the degree of severity 
of the disease, insulin requirement, type of 
diet or degree of control. Chute^^ also re- 
ports a high incidence of vascular disease 
in juvenile diabetics. In view of these find- 
ings one would expect a higher incidence of 
coronary sclerosis in young diabetics than in 
non-diabetics of comparable age. Unfortu- 
nately statistics on coronary arteriosclerosis, 
specifically, are relatively meager for young 
diabetics but the available figures gener- 
ally coincide with the expected. Glendy, 
Levine and White^® collected 100 cases of 
coronary disease in people under forty and 
ound that diabetes was present in two in- 
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1.3 per cent of non-diabetics in the same age 
group. Master, Back and Jaffe^^ analyzed 
500 consecutive cases of myocardial infarc- 
tion. From this study they concluded that 
diabetes is not a factor in the occurrence of 
coronary occlusion in the young but never- 
theless of their thirty-nine cases under the 
age of forty two had diabetes, an incidence 
of 5.1 per cent. Millard and Root® report 
twelve young diabetics who died before the 
age of thirty-three. Of these five had had 
diabetes six years or less and sho\ved no 
arteriosclerosis. Seven had had diabetes 
fourteen to twenty-one years and all had 
coronary arteriosclerosis; three had actual 
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coronary occlusion. These are apparently 
the same group reported by Root^“ in a 
separate communication. 

Coronary arteriosclerosis is of significance 
mainly as a cause of clinical heart disease. 
The increased incidence of coronary sclero- 


group would naturally have a higher occur- 
rence of angina pectoris than the general 
population and the figure of 11.8 per cent 
serves to lend significance to a 9 per cent 
incidence of this disability among diabetics. 

Angina pectoris ordinarilv occurs in 


T.^ble II 

CORONARY THROMBOSIS OCCURRENCE IN POST.MORTEM STUDIES 


Author 

Age 

of Group 
Studied 

Xon-diabctics 

Diabetics 

No. of 
Gases 
Studied 

Incidence of 
Coronary 
Thrombosis 
Per cent 

Incidence of 
Coronary 
Thrombosis 
Per cent 

No of 
Cases 
Studied 

Enklewitz^'*. . . 

50-69 

» 

16 


74 

Root and Sharkey- 

40 and over 

^BC « 



157 

Root, Bland, Gordon and White® 

40 and over 




316 

Lisa, Magiday, Galloway and Hart® 

40 and over 



30 

193 

Stearns, Schlesinger and Rudy^ . 

Over 40 

HQ H 


64 

50 


sis among diabetics in general, among 
female diabetics in particular and in the 
younger age groups has been shown above. 
It is to be expected then that in all these 
groups there would be a greater occurrence 
of the clinical results of coronary sclerosis, 
namely, angina pectoris, coronary thrombo- 
sis and congestive failure. 

Angina Pectoris. The reported incidence 
of angina pectoris among diabetics shows a 
wide range but nevertheless most reviews 
are surprisingly consistent. Rabinowitch, 
Ritchie and McKee^® found the disability 
in 1.3 per cent of diabetics in an out-patient 
clinic while Stearns, Schlesinger and Rudy" 
reported its occurrence in 28 per cent of 
necropsied diabetics as opposed to 15 per 
cent in tlieir control group. Blotner,^ Fried- 
man-^ and Root and Sharkey,- ho\vever, all 
report an incidence of 9 per cent. The 
author has been unable to find any statistics 
on the incidence of angina pectoris in the 
general population for purposes of com- 
parison. The incidence parallels the occur- 
rence of coronary artery' diseeise and 
according to White” angina occurred in 
11.8 per cent of a series of 3.000 patients 
with cardiac symptoms or signs. Such a 


males and females in a ratio of 3 or 4 to 
1.^®'” Among diabetics, however, the inci- 
dence among females increases and the ratio 
falls. Root and GraybieP® found the ratio 
to be only 1.4:1 among diabetics. Stearns 
et al.^ found an incidence of 3.7: 1 in their 
control group and 1 : 1 among the diabetics. 
Edeiken®^ who studied out-patients also 
reports a sex ratio of 1 : 1 . 

Other facts stand out as significant. Root 
and Graybiel'® report that of those people 
with angina pectoris the prognosis is worse 
among diabetics. In the diabetic group 
which they studied the duration of life from 
the first anginal attack was two years as 
opposed to White’s unselected cases in 
which the duration was 3.4 years. Root and 
Sharkey® also point out that the incidence 
of angina pectoris trebles during the second 
decade of diabetes. 

Coronary Thrombosis. The increased inci- 
dence of coronary thrombosis among dia- 
betics is most marked. The papers on this 
subject are summarized in Table ii. 

Of further significance are the following 
facts: Not only is the incidence of coronan 
thrombosis increased in diabetics but the 
mortality following the accident is also in- 
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creased.'® In addition, Stearns, Schlesinger 
and Rudy^ report that in their series of 
necropsicd diabetics one out of every three 
had died of acute coronary disease. 

The change in sex ratio is also marked. 
As with coronary sclerosis, coronary throm- 
bosis in unselected cases is three to four times 
as frequent in males as in females.^® Among 
diabetics, however, the ratio falls. In the 
series of Root and co-authors® the incidence 
of coronary occlusion in male and female 
diabetics fifty-one to eighty years of age was 
equal. Stearns et al.,' using Schlesinger’s 
injection technic, found coronary occlusion 
in 31 per cent of male non-diabetics and in 
8 per cent of females; in the diabetics it 
occurred in 68 per cent of men and 61 per 
cent of women. In other words, in their 
series coronary occlusion in non-diabetics 
was four times as frequent in men as in 
women but among diabetics coronary oc- 
clusion increased two-fold in men and eight- 
fold in women, the incidence in both sexes 
becoming equal. 

Detailed information on angina pectoris 
in the young is found wanting. More in- 
formation on coronary occlusion in the 
young is now becoming available'®’®®'®®”®®’®® 
but the number of cases reported, exclusive 
of studies of the armed forces (in whom 
diabetes is not a factor), is small. Since 
known diabetes occurs in less than 1 per cent 
of the population, few statistics are available 
on coronary occlusion in the young diabetic, 
the available figures, howeverj point gen- 
erally to an increased incidence of coronary 
t rombosis. Of Durant’s®® seven cases of 
coronary thrombosis in people thirty-five 
years of age or less one was diabetic. Master 
et al.'5 report thirty-nine cases of coronary 
tnombosis in patients under forty years of 
^ge, two (5.1 per cent) had diabetes. Among 
tryker s®® nine infants and children under 
te age of seventeen who had coronary 
occlusion none were diabetics. Goodson 
make no mention of diabetes 
t^ ^ thirty cases of coronary 

^tiombosis in persons less than forty years 

3ge. If all the above mentioned series are 
Ota ed (85), however, the incidence of dia- 
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betics (3) among them is higher than that in 
the general population. 

Congestive Failure. There have been few 
reports on the incidence of congestive failure 
among diabetics. This is readily understand- 
able when it is realized that congestive 
failure may result from any one of several 
causes, one or more of which may be present 
in a single diabetic at the same time. Coron- 
ary sclerosis alone, coronary thrombosis 
with myocardial infarction and hyperten- 
sion may each give rise to heart failure and 
are frequently present in diabetics. The 
incidence in diabetics of the specific eti- 
ologies has interested investigators more 
than the occasionally resulting clinical 
picture of cardiac insufficiency. Root and 
Sharkey® merely state that in their post- 
mortem study congestive heart failure was 
infrequent; when it occurred, it usually 
followed coronary thrombosis. This is in 
contrast to other available figures. Fried- 
man®' found cardiac decompensation in 
8 per cent of 120 living diabetics, and 
Stearns et al.,’ reviewing the protocols of 
fifty necropsied diabetics, found that con- 
gestive failure had been present in twenty- 
seven, an incidence of 58 per cent. 

CAUSES OF CORONARY ARTERIOSCLEROSIS 
IN DIABETES 

The etiology of the increased incidence 
of coronary arteriosclerosis among diabetics 
is unknown. It is believed by some that dia- 
betes is simply another clinical manifesta- 
tion of arteriosclerosis and that an increased 
occurrence of arteriosclerosis anywhere in 
the body is to be expected. The weight of 
statistical evidence, however, points to the 
increase in arteriosclerosis in diabetics as 
the result rather than the cause of the disease. 
Two factors have been implicated as at 
least contributing to the increased incidence, 
hypertension and hypercholesterolemia. 

Hypertension. References to early discus- 
sions of the blood pressure in diabetes are 
contained in Major’s®' article. Opinion was 
divided as to whether or not diabetics 
showed an increased incidence of hyper- 
tension. According to Major the blood 
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pressure was only slightly higher in diabetics 
than in control series but was definitely 
higher in diabetic women in the older age 
groups. Edeiken-® reported hypertension in 
38 per cent of 100 diabetics studied clini- 
cally, the women being affected twice as 
often as the men. All those with high blood 
pressure were over fifty years of age. Bell 
and Clawson^^ found hypertension rela- 
tively uncommon in necropsied diabetics 
under forty years of age but in persons over 
the age of fifty high blood pressure was 2.7 
times as frequent in diabetics as in non- 
diabetics. Among the older diabetics hyper- 
tension occurred in 42.5 per cent, which is 
very close to the figure of 44 per cent found 
by Enklewitz^'* in his postmortem study. 
Other reports show an even higher inci- 
dence. Transient and permanent high blood 
pressure occurred in 56 per cent of Fried- 
man’s-^ clinical series and in 53 per cent in 
Root and Sharkey’s postmortem study.®® 
Even more startling is White and W askow’s®^ 
finding of hypertension in 40 per cent of 200 
diabetics, 5 per cent of whom were under 
forty years of age. Of recent investigations 
only Nathanson"* has found a relatively low 
(15 per cent) incidence of hypertension in 
diabetics, but even this figure is higher than 
that found in the general population.®® 

Associated Findings in Coronary Arteries. 
The increased incidence of hypertension in 
diabetics is reflected in the coronary arteries. 
In Blotner’s^ series of necropsied diabetics 
high blood pressure was present in 43 per 
cent of those with coronary arteriosclerosis. 
Root and GraybieP® found it in 52 per cent 
of 210 diabetics with angina pectoris. Ac- 
cording to Root and Sharkey® coronary 
thrombosis is thi'ee times as frequent in 
diabetics ^vith hypertension as in those 
without. Likewise, Stearns et al.® find that 
among diabetics angina pectoris and deaths 
due to acute coronary disease and congestive 
failure are more common in the presence of 
hypertension. 

Hypercholesterolemia. It is beyond the 
scope of this review to discuss hypercho- 
lesterolemia in relation to the pathogenesis 
of coronarN’ atherosclerosis. Some mention 


of the clinical association is in order, how- 
ever. Cholesterol has long been implicated 
in the causation of atherosclerosis. The sub- 
stance is found in high concentration in the 
plaques of atherosclerosis, and atherosclero- 
sis is found to be of high incidence in the 
presence of hypercholesterolemia. The in- 
ference is that a high blood level of the 
sterol results in high incidence of intimal 
sclerosis. Such an association of events does 
occur in rabbits,®® chickens®^’®® and dogs.®® 
Conversely, the administration of decho- 
lesterolizing agents such as choline, methio- 
nine, potassium iodide and thyroid results 
in a decrease in atherosclerosis. 

The transfer of such experimental work 
to humans presents problems. The blood 
cholesterol levels of normal man is not 
readily elevated by diet. The administra- 
tion of a high cholesterol diet to a large 
group for a long period of time would be 
practically difficult and perhaps eventually 
dangerous. Investigation of the state of the 
coronary arteries in patients who have 
disease associated with hypercholestero- 
lemia, however, yields some of the desired 
information. In xanthomatosis w'hich is 
characterized by high blood cholesterol the 
incidence of coronary sclerosis is extremely 
high. Muller'*® found that of seventy-six 
patients Avho had hereditary xanthomatosis 
sixty-eight (90 per cent) had angina pectoris 
and /or myocardial infarction. Engelberg 
and Newman'*® report six cases of xantho- 
matosis in young adults (ages thirty-one to 
forty-eight), all of whom had angina pectoris 
and/or myocardial infarcts. Similar al- 
though perhaps less direct information is 
obtained from the finding of higher blood 
cholesterol levels in cases of uncomplicated 
coronary sclerosis than in normals.®®’*** 


CARDIAC COMPLICATIONS OF DIABETIC 
ACIDOSIS 

Cardiovasailar Collapse. Coronary arterio- 
jclerosis in the diabetic is a complication of 
the chronic disease. Diabetic acidosis, the 
■‘acute” disease, also has its cardiovasculai 
complication. Even in the absence of disease 
of the coronary arteries diabetic acidosis 
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may be associated with the type of circu- 
latory failure commonly known as shock. 
The high frequency and importance of 
this complication is attested by many 
authors.'*^"®® The clinical picture is familiar; 
tachycardia, low blood pressure, decreased 
pulse pressure, cold skin, depressed sen- 
sorium. Such shock often persists in the 
presence of levels of blood sugar, ketones 
and CO 2 combining power that are ap- 
proaching normal. In fact, Nicholson and 
Branning®^ report that of twenty-two treated 
but fatal cases of uncomplicated diabetic 
acidosis there were five who had normal 
blood sugar and CO 2 combining power and 
who showed no lesions at autopsy. All died 
in collapse. The complication is of grave 
importance because of the concomitant 
increase in mortality. Rabino witch, Fowler 
and Bensley^® found that the mortality in 
their cases of diabetic acidosis was 11.5 per 
cent if the systolic blood pressure was 90 mm. 
Hg or over; it was 53.8 per cent if under 
90 mm., almost five times as great. Collen®^ 
reported that mortality for those with blood 
pressure 90 mm. or over averaged 27.6 per 
cent and for those under 90 mm. 75 per cent, 
almost three times as great. Danowski, 
Winkler and Peters®^ found that in recovered 
cases of diabetic acidosis the incidence of 
vascular collapse had been 20 per cent; in 
fatal cases, 85 per cent. Collen’s study®^ is of 
urther interest. He demonstrates that the 
lastolic pressure shows a much closer 
quantitative relationship to percentage mor- 
tality than the systolie blood pressure; also, 
1 the pulse pressure is less than 20, the 
mortality is 92.8 per cent. The situation 
may be summarized by quoting from 
soowski and his co-workers^® who state 
• • . that some measure of peripheral 
vascular collapse is commonly found in 
swere diabetic acidosis and that its per- 
sistence is the usual reason for failure to 
recover from acidosis.” 

Bulger and Eisenman®® showed 
u ^^^betic acidosis is associated with de- 
y ration and hemoconcentration. Chang, 
^rrop and Schaub,®’ using the carbon 
monoxide method, demonstrated that the 
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dehydration results in a marked decrease in 
the circulating blood volume, the loss of 
volume being chiefly a decrease in plasma; 
the cell volume remains intact. It was sub- 
sequently shown®®- that not only is 
water lost in diabetic acidosis but that 
sodium and chloride ions are also lost in 
large amounts and must be quickly replaced 
for the prevention or treatment of circula- 
tory collapse. Further work®®-®®-®^ has dem- 
onstrated the need for the administration of 
protein in addition to electrolytes and water 
in the treatment of the more severe cases of 
shock. More recently Howarth, McMichael 
and Sharpey-Schafer®® have shown that the 
low blood pressure of diabetic acidosis is due 
to a marked decrease in total peripheral 
resistance; cardiac output remains normal. 
Their work suggests that an effective, long- 
lasting vasoconstrictor agent would be the 
medication of choice in the treatment of 
diabetic shock. 

Hypopotassemia. Recently it has been 
shown that potassium, too, is of clinical im- 
portance in diabetic acidosis and that 
depletion of this electrolyte often has cardiac 
manifestations. Potassium is lost from the 
body in several ways. First, there is increased 
excretion of the substance in diuresis due to 
any cause®® and the diuresis associated with 
marked glycosuria results in loss of the 
electrolyte in patients going into diabetic 
acidosis.®® During the height of dehydra- 
tion, which corresponds to the period just 
before treatment of the acidosis, loss of 
potassium is noted in the cells. ®®’®^’ The 
serum level remains approximately nor- 
mal,®^ however, and there are no signs of 
potassium deficiency. The second manner 
of potassium loss is a relative one. Treat- 
ment consists, in part, of administration of 
large amounts of water. If potassium is not 
given in conjunction with the water, the 
amount of electrolyte remaining in the body 
at the height of acidosis is much diluted by 
the rehydration of treatment with result- 
ing marked fall in the concentration of 
serum potassium.®^-®® A third way in which 
potassium is lost is thought by some to be 
due to a specific effect of insulin. Sev’-eral 
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authors®®’ have reported a fall in con- 
centration of serum or plasma potassium 
following the injection of insulin. More 
recent work®®’®®’^® suggests that this may be 
related to the passage of the electrolyte into 
muscle or liver in association with increased 
glycogen formation. 

As seen above, it is with treatment of 
acidosis that serum potassium concentration 
falls. It is therefore not on admission but 
following institution of therapy that the 
results of potassium deficiency become ap- 
parent in patients with diabetic acidosis. 
The best known cardiac manifestation of 
hypopotassemia is abnormality of the electro- 
cardiogram. In the presence of low serum 
potassium the latter shows abnormal in- 
crease in the P-R interval, depression of the 
S-T segment, prolongation of Q,-T (elec- 
trical systole) and low to inverted T waves. 
These findings have been reported in 
association with the hypopotassemia of 
periodic paralysis, chronic nephritis’® 
and other causes.’** Bellet and Dyer’® were 
the first to report consistent electrocardio- 
graphic change associated with diabetic 
acidosis. Although the authors did not 
correlate the changes with potassium con- 
centration, the changes are those of hypo- 
potassemia and they noted that the changes 
occurred not during coma but twenty-four 
hours later (i.e., after institution of therapy 
and clinical improvement of the patient). 
Stewart, Smith and Milhorat,” Holler’® 
and Martin and Wertman” have correlated 
these changes with the low serum potassium 
of treated ^ diabetic acidosis. The latter 
report that of all the electrocardiographic 
changes found only low T waves show a 
high correlation with low serum potassium. 

Not only is there alteration of electrical 
conduction in the myocardium but also new 
foci for the origin of the stimulating impulse 
appear. Bellet and Dyer’® reported tempo- 
rary auricular flutter and auricular and 
ventricular premature beats in some of tlieir 
patients. Frenkel, Groen and Willebrands’® 
report the appearance of “irregular pulse” 
in association with low serum potassium 
level with reappearance of normal rhythm 


following the administration of potassium. 
Nicholson and Branning®* suggest that low 
serum potassium may be the cause of death 
from collapse that occurs in some patients 
with diabetic acidosis whose blood sugar 
and CO 2 combining power have become 
normal following usual therapy. 

EFFECTS OF INSULIN 

Hypoglycemia. It must be pointed out 
that although the administration of insulin 
is necessary for the treatment of many 
diabetics, overdosage of the hormone in 
these patients may result in cardiovascular 
complications. Hypoglycemia may cause 
angina pectoris,’®’®®'®®’®® myocardial in- 
farction,®’ congestive failure,®*'®® changes in 
the electrocardiogram®’'®®’®®’®®’®®"’®®’’®®’’®* 
and changes in rhythm. ®®’®*’®®’’®®’’®’ Hypo- 
glycemia has also been associated with the 
appearance of other changes of the circula- 
tion such as increase or decrease in heart 
rate,®®’®’’®®’®®’®®’®® increase or decrease in 
blood pressure,®®’®®’’®® increase in venous 
pressure,®’ increase in pulse pressure,®*’®® 
the development of an abnormal heart 
murmur®®’®*’and increase in heart size.®* 

The explanation for these changes is not 
yet clear. The obvious thought is that ivith 
hypoglycemia there is concomitant marked 
loss of myocardial glycogen and that this 
gives rise to the cardiac abnormalities. 
Cruickshank,®’’®® however, showed that the 
diabetic heart has a much greater than 
normal glycogen content in the presence of 
hyperglycemia and that with the adminisi 
tration of insulin the glycogen content falls 
only to normal. Even in the presence of very 
low blood sugar insulin conserves the glyco- 
gen stored in the heart. Other facts also 
suggest that the low blood sugar alone is not 
the cause of the cardiovascular changes 
observed in hypoglycemia. There is no cor- 
relation between clinical findings and the 
blood sugar level;®® the changes seen are not 
necessarily, or promptly, reversed by the 
administration of glucose.®®’®*’®® Probably 
the most tenable theory of the causation of 
cardiovascular changes in hypoglycemia is 
that the low blood sugar causes increased 
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discharge of adrenalin. Cannon, Mclver 
and Bliss®® demonstrated in cats that even 
the completely dener\^ated heart responds 
to hypoglycemia by an increase in rate if the 
adrenals are intact. If tlie adrenals are re- 
moved or one is removed and the other 
denervated, insulin hypoglycemia causes no 
increase in rate. It is well known tliat the 
injection of adrenalin into tlie normal 
human produces many of the clinical signs 
ofhypoglycemia (tachycardia, pallor, tremor, 
increased blood pressure). Furtliermore Gil- 
bert and Goldzieher®^ have demonstrated 
that the usual circulatory changes taking 
place in insulin hypoglycemia do not occur 
if prostigmin is administered at the same 
time as the insulin. 

Whatever the mode of causation, the 
danger of insulin overdosage is appreciable. 
Ernstene and Altschule,®® working with 
normal humans, showed that insulin hypo- 
glycemia results in increased heart rate, in- 
creased pulse pressure and increased minute 
volume output, i.e., cardiac work is greater. 
Such added work gave rise to no difficulty 
in their normal subjects but they suggest 
that among diabetics, a large percentage 
of whom have coronary arteriosclerosis, 
such added work could readily result in 
cardiac insufficiency and /or angina pectoris. 
For the same reason Gilbert and Goldzieher 
believe that close control of elderly diabetics 
is not desirable and Smith,®® citing the 
clinical complications of the treatment of 
diabetes, states that “ ... to use insulin to 
procure exact control of the diabetes in 
patients with additional heart disease is to 
court disaster.” 

Some of the effects of insulin may be 
othersome even in the absence of marked 
^oglycemia. It is common experience in 
t e treatment of diabetics that many pa- 
hents simply feel better with slight glyco- 
suria than with excellent control. The 
cardiac symptoms (tachycardia, palpita- 
^on, substernal pain, shortness of breath) 
associated with spontaneous hypoglycemia 
ure very distressing®^ and such symptoms 
occur in diabetics with only slight insulin 
overdosage. It is interesting to note that 
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some of tliem (palpitation, precordial pain) 
have also been reported in patients who 
were given therapeutic amounts of insulin 
and who did not have hypoglycemia.®® 

SUMMARY 

1. The cardiac complications of diabetes 
mellitus are discussed under the following 
headings; (1) coronary arteriosclerosis, (2) 
diabetic acidosis and (3) hypoglycemia. 

2. There is a higher incidence of coronary 
arteriosclerosis and its clinical manifesta- 
tions among diabetics than among non- 
diabetics. This higher incidence is more 
marked in women. The duration of the dia- 
betes is probably the greatest single factor 
in the occurrence of coronary arteriosclerosis. 

3. Cardiovascular collapse occurs fre- 
quently in diabetic acidosis. Prevention and 
treatment of such shock consists of the ad- 
ministration of adequate amounts of water, 
sodium chloride, protein and potassium. 

4. Insulin reactions are associated with 
cardiac complications particularly in the 
older age groups. Completely aglycosuric 
control of elderly diabetics by the use of 
insulin is not desirable. 

REFERENCES 

1. Blotner, H. Coronary disease in diabetes mellitus. 

J^ew England J. Med., 203: 709, 1930. 

2. Root, H. F. and Sharkey’ T. P. Coronary arterio- 

sclerosis in diabetes mellitus. New England J. 
Med., 215: 605, 1936. 

3. Nathanson, M. H. Disease of the coronary arteries. 

Clinical and pathological features. Am. J. M. Sc., 
170: 240, 1925. 

4. Nathanson, M. H. Coronary disease in 100 autop- 

sied diabetics. Am. jf. M. Sc., 183: 495, 1932. 

5. Root, H. F., Bland, E. F., Gordon, \V. H. and 

White, P. D. Coronary atherosclerosis in dia- 
betes mellitus. Jf. A. M. A., 113: 27, 1939. 

6. Lisa, J. R., Magiday, M., Galloway, I. and 

Hart, J. F. Arteriosclerosis with diabetes mel- 
litus. A study of the pathologic findings in 193 
diabetic and 2,250 non-diabetic patients. J. A. 
M. A., 120: 192, 1942. 

7. Stearns, S., Schlesinger, M. J. and Rudy, A. 

Incidence and clinical significance of coronary 
artery disease in diabetes meUitus. Arch. Int. Med., 
80: 463, 1947. 

8. Millard, E. B. and Root, H. F. Degenerative 

vascular lesions and diabetes mellitus. Am. J. 
Digest. Dis., 15: 41, 1948. 

9. Clawson, B. J. The incidence of types of heart 

disease among 30,265 autopsies ivith special 



668 


Cardiac Complications in Diabetes — Liebow, Hellerstein 


reference to age and sex. Am. Heart J., 22; 607, 
1941. 

10. Levine, S. A. Clinical Heart Disease, 2nd ed., p. 93. 

Philadelphia and London, 1940. W. B. Saunders 
Co. 

11. White, P. D. Heart Disease. 3rd ed. New York, 

1944. Macmillan Company. 

12. Hart, J. F. and Lisa, J. R. Arteriosclerosis in 

diabetes. A consideration of the sex factor from 
anatomic findings. Clinics, 3: 196, 1944. 

13. Warren, S. The Pathology of Diabetes Mellitus. 

2nd ed. Philadelphia, 1938. Lea and Febiger. 

14. Shepardson, H. Clare. Arteriosclerosis in the 

young diabetic patient. Arch. Ini. Med., 45; 674, 
1930. 

15. Rabinowitch, I. M., Ritchie, W. L. and McKee, 

S. H. A statistical evaluation of different methods 
for the detection of arteriosclerosis in diabetes 
mellitus. Ann. Int. Med., 7; 1478, 1934. 

16. Dolger, H. The clinical evaluation of vascular 

damage in diabetes mellitus. Bull. New fork 
Acad. Med., 22; 482, 1946; J. A. M. A., 134; 
1289, 1947. 

17. Chute, A. L. Survey of patients with juvenile 

diabetes mellitus. Am. J. Dis. Child., 75: 1, 1948. 

18. Glendy, R. E., Levine, S. A. and White, P. D. 

Coronary disease in youth. J. A. M. A., 109: 
1775, 1937. 

19. Master, A. M., Dack, S. and Jaffe, H. L. Age, 

sex and hypertension in myocardial infarction 
due to coronary occlusion. Arch. Int. Med., 64: 
767, 1939. 

20. Root, H. F. Diabetes and arteriosclerosis in youth. 

Am. Heart J., 35: 860, 1948. 

21. Friedman, G. Cardiovascular status of diabetic 

patients after the fourth decade of life. Arch. Int. 
Med., 55: 371, 1935. 

22. Root, H. F. and Graybiel, A. Angina pectoris and 

diabetes mellitus. J. A. M. A., 96: 925, 1931. 

23. Edeiken, j. Diabetes mellitus as observed in 100 

cases for 10 or more years, ii. Cardiac studies. 
Am. J. M. Sc., 209: 8, 1945. 

24. Enklewitz, M. Diabetes and coronary thrombosis. 

An analysis of cases which came to necropsy. 
Am. Heart J., 9: 386, 1934. 

25. Yater, W. M., Traum, A., Brown, W., Fitz- 

gerald, R., Geisler, M. and IVilcox, B. 
Coronary artery disease in men eighteen to 
thirty-nine years of age. Am. Heart J., 36: 334, 
481, 683, 1948. 

26. Stryker, A. Coronary occlusive disease in in- 

fants and in children. Am. J. Dis. Child., 71; 280, 
1946. 

27. French, A. J. and Dock, W. Fatal, coronary 

arteriosclerosis in voung soldiers. J. A. M. A., 
124: 1233, 1944. 

28. Lisa, J. R. and Hart, J. F. Arteriosclerosis in the 

young. A study of 372 autopsies with a report of 
6 positive cases. Clinics, 3: 186, 1944. 

29. Underdahl, L. D. and Smith, H. L. Coronary 

artery disease in women under the age of forty. 
Prof. Staf. .Meet., Mayo Clin., 22: 479, 1947. 

30. Durant, T. M. The occurrenee of coronary 

thrombosis in young individuals. Ann. Ini. Med., 
10: 979, 1937. 


31. Major, G. G. Blood pressure in diabetes mellitus. 

Arch. Int. Med., 44: 797, 1929. 

32. Bell, E. T. and Clawson, B. J. Primary (essential) 

hypertension. A study of four hundred twenty 
cases. Arch. Path., 5: 939, 1928. 

33. Root, H. F. and Sharkey, T. P. Arteriosclerosis 

and hypertension in diabetes. Ann. Int. Med., 9: 
873, 1936. 

34. White, P. and Waskow, E. Clinical pathology of 

diabetes in young patients. South. M. J., 41: 561, 
1948. 

35. Cecil, Russell L. Textbook of Medicine. 6th ed., 

p. 1031. Philadelphia, 1943. W. B. Saunders Co. 

36. Leary, T. Experimental atherosclerosis in the 

rabbit compared with human (coronary) athero- 
sclerosis. Arch. Path., 17: 453, 1934. 

37. Dauber, D. V. and Katz, L. N. Experimental 

cholesterol atheromatosis. In an omnis’erous 
animal, the chick. Arch. Path., 34: 937, 1942. 

38. Dauber, D. V. and Katz, L. N. Experimental 

atherosclerosis in the chick. Arch. Path., 36: 473, 
1943. 

39. Steiner, A. and Kendall, F. E. Atherosclerosis 

and arteriosclerosis in dogs following ingestion of 
cholesterol and thiouracil. Arch. Path., 42: 433, 
1946. 

40. Herrmann, G. R. Experimental and clinical studies 
in hypercholesterolemia and atherosclerosis and 
the effects of decholcsterolizing agents. Am. 
Hearty., 33: 711, 1947. 

41. Horlick, L., Dauber, D. and Katz, L. N. Thyroid 

and e-xperimental atherosclerosis in the chicken. 
Am. Hearty., 35: 863, 1948. 

42. Muller, C. Angina pectoris in hereditary xantho- 

matosis. Arch. Int. Med., 64: 675, 1939. 

43. Engelberg, H. and Newman, B. A. Xanthomato- 

sis. A cause of coronary artery disease in young 
adults. J. A. M. A., 122; 1167, 1943. 

44. Steiner, A. and Domanski, B. Serum cholesterol 

level in coronary arteriosclerosis. Arch. Int. Med., 
71: 397, 1943. 

45. Boas, E. P., Parets, A. D. and Adlersberg, D. 

Hereditary disturbance of cholesterol metabo- 
lism: a factor in the genesis of atherosclerosis. Am. 
Hearty., 35: 611, 1948. 

46. Morrison, L. M., Hole, L. and Chaney, A. L. 

Cholesterol metabolism: blood serum cholesterol 
and ester levels in 200 cases of acute coronary 
thrombosis. Am. y. M. Sc., 216: 32, 1948. 

47. Baker, T. W. A clinical survey of one hundred 

eight consecutive cases of diabetic coma. Arch. 
Int. Med., 58: 373, 1936. 

48. Dillon, E. S. and D^xr, W. W. Factors influencing 

the prognosis in diabetic coma. Ann. Int. Med., 1 1 : 
602, 1937. 

49. Rabinowitch, I. M., Fowler, A. F. and Bensley, 

E. H. Diabetic coma (an investigation of 
mortalities and report of a severity inde.x for 
comparative studies). Ann. Tnt. Med., 12: 1403, 
1939. 

50. ScHECHTER, A. E., WiESEL, B. H. and Cohen, C. 

Peripheral circulatory failure in diabetic acidosis 
and its relation to treatment. Am. y. M. Sc., 202: 
364, 1941. 

AMERICAN JOURNAL OF MEDICINE 



Cardiac Complications in Diabetes — Liebow, Hellerstein 


51. Beard WOOD, J. T., Jr. and Rouse, G. R. Diabetic 

acidosis. A study of 220 consecutive cases. J. A. 
M. A., 117: 1701, 1941. 

52. COLLEN, M. F. Mortality in diabetic coma. Arch. 

Int. Med., 70: 347, 1942. 

53. Danowski, T. S., Winkler, A. W. and Peters, J. 

P. Salt depletion, peripheral vascular collapse, 
and the treatment of diabetic acidosis. Ja/e jf. 
Biol. <2? Med., 18: 405, 1946. 

54. Nicholson, W. M. and Branning, W. S. Potassium 

deficiency in diabetic acidosis. J. A. M. A., 134: 
1292, 1947. 

55. Wiechmann, E. and Koch, F. Untersuchungen 

uber den hypoglykamischen Zustand nach 
Insulininjektion; das Vcrhalten des Kreislaufs 
im hypoglykamischen Zustand. Deutsche Arch. f. 
klin. Med., 163: 176, 1929. 

56. Peters, J. P., Bulger, H. A. and Eisenman, A. J. 

The plasma proteins in relation to blood hydra- 
tion. n. In diabetes mellitus. .7. Clin. Investigation, 
1:451, 1925. 

57. Chang, H. C., Harrop, G. A. Jr., and Schaub, 

B. M. The circulating blood volume in diabetic 
acidosis. J. Clin. Investigation, 5: 407, 1928. 

58. Kydd, D. M. Salt and water in the treatment of 

diabetic acidosis, J. Clin. Investigation, 12: 1169, 
1933. 

59. Atchley, D. W., Loeb, R. F., Richards, D. W., 

Jr., Benedict, E. M. and Driscoll, M. E. On 
diabetic acidosis — a detailed study of electrolyte 
balances following the withdrawal and re- 
establishment 'of insulin therapy. J. Clin. In- 
vestigation, 12: 297, 1933. 

60. Root, H. F. The use of insulin and abuse of glucose. 

J. A. M. A., 127: 557, 1945. 

61. Peters, J. P., Ktod, D. M. and Eisenman, A. J. 

Serum proteins in diabetic acidosis. J. Clin. 
Investigation, 12: 355, 1933. 

62. Howarth, S. McMichael, J. and Sharpey- 

Schafer, E. P. Low blood pressure in diabetic 
coma. Clin. Sc., 6: 247, 1948. 

63. Elkinton, j. R. and Winkler, A. W. Transfers of 

intracellular potassium in experimental de- 
hydration. J. Clin. Investigation, 23: 93, 1944. 

64. Danowski, T. S., Hald, P. M. and Peters, J. P. 

Sodium, potassium and phosphates in the cells 
and serum of blood in diabetic acidosis. Am. J. 
Physiol., 149: 667, 1947. 

65. Martin, H. E. and Wertman, M. Electrolyte 

changes and the electrocardiogram in diabetic 
acidosis. Am. Heart J., 34: 646, 1947. 

66. HarroPj g. a., Jr. and Benedict, E. M. The 

participation of inorganic substances in carbo- 
hydrate metabolism. J. Biol. Chem., 59: 683, 
1924. 

67. Briggs, A. P., Koechig, I., Doisy, E. A, and 

Weber, G. J. Some changes in the composition 
of blood due to the injection of insulin. J. Biol. 
Chem., 58: 721, 1924. 

Kerr, S. E. The effect of insulin and of pancrea- 
tectomy on the distribution of phosphorus and 
potassium in the blood. J. Biol. Chem., 78: 35. 
1928. 

Fenn, W. O. The role of potassium in physiological 
processes. Physiol. Rev., 20: 377, 1940. 
t'OVEMBER, 1949 


669 

70. Kometiana, P. a., Gogolashvili, S. H. and 

Dolidze, S. The relation between the resynthesis 
of glycogen and the distribution of potassium 
in muscular tissue. Diabetic Abstracts, 1: 84, 1948. 

71. Stewart, H. J., Smith, J. J. and Milhorat, 

A, T. Electrocardiographic and serum potassium 
changes in familial periodic paralysis. Am. J. M. 
Sc., 199: 789, 1940. 

72. Stoll, B. and Nisnewitz, S. Electrocardiographic 

studies in a case of periodic paralysis. Arch. Int. 
Med., 67: 755, 1941. 

73. Brown, M. R., Currens, J. H. and Marchand, 

J. F. Muscular paralysis and electrocardiographic 
abnormalities resulting from potassium loss in 
chronic nephritis. J. A. M. A., 124: 545, 1944. 

74. Tarail, R. Relation of abnormalities in concentra- 

tion of serum potassium to electrocardiographic 
disturbances. Am. J. Med., 5: 828, 1948. 

75. Bellet, S. and Dyer, W. W. The electrocardio- 

gram during and after emergence from diabetic 
coma. Am. Heart J., 13: 72, 1937. 

76. Holler, J. W. Potassium deficiency occurring 

during the treatment of diabetic acidosis. J. A. 
M. A., 131: 1186, 1946. 

77. Martin, H. E. and Wertman, M. Serum potas- 

sium, magnesium and calcium levels in diabetic 
acidosis. J. Clin. Investigation, 26: 217, 1947. 

78. Frenkel, M., Goren, J. and Willebrands, A. F. 

Reduction of serum potassium content with 
manifestations of generalized muscular weakness 
and a cardiovascular syndrome during treatment 
of diabetic coma. Nederl. Ujdschr. v. geneesk., 91: 
1704, 1947. 

79. Turner, K. B. Insulin shock as the cause of cardiac 

pain. Case report. Am. Heart J., 5: 671, 1930. 

80. voN Noorden, C. Die Zuckerkrankheit und ihre 

Behandlung. 6th ed., p. 205. Berlin. 

81. Gilbert, R. A. and Goldzieher, J. W. The mech- 

anism and prevention of cardiovascular 
changes due to insulin. Ann. Int. Med., 25: 928, 
1946. 

82. SosKiN, S., Katz, L. N., Strouse, S. and Rubin- 

FELD, S. H. Treatment of elderly diabetic 
patients with cardiovascular disease. Arch. Int. 
Med., 51: 122, 1933. 

83. SosKiN, S., Katz, L. N. and Frisch, R. The dual 

nature of the action of insulin upon the heart. 
Ann. Int. Med., 8: 900, 1935. 

84. Messinger, E. Cardiovascular changes associated 

with insulin shock treatment. Ann. Int. Med., 12: 
853, 1938. 

85. Goodrich, E. B. and Janney, F. Insulin hypo- 

glycemia and the electrocardiogram. J. Iferv. & 
Menu Dis., 94: 10, 1941. 

86. Ernstene, a. C. and Altschule, M. D. The effect 

of insulin hypoglycemia on the circulation. J. 
Clin. Investigation, 10: 521, 1931. 

87. Cruickshank, E. W. H. and Shiuvasta, O. L. The 

action of insulin on the storage and utilization 
of sugar by the isolated normal and diabetic 
heart. Am. J. Physiol., 92: 144, 1930. 

88. Cruickshank, E. W. H. Cardiac metabolism. 

Physiol. Rev., 16: 597, 1936. 

89. Cannon, W. B., McIver, M. A. and Bliss, S. W. 

Studies on the conditions of activity in endocrine 
glands, xin. A sympathetic and adrenal mech- 



670 


Cardiac Complications in Diabetes — Liebow, Hellerstein 


anism for mobilizing sugar in hypoglycemia. 
Am. J. Physiol., 69: 46, 1924. 

90. Stroxke, S., Soskin, S., Katz, L. N. and Rubin- 

FELD, S. H. Treatment of older diabetic patients 
with cardiovascular disease. J. A. M. A., 98: 
1703, 1932. 

91. Greene, R. Cardiac neurosis as a manifestation of 

hypoglycemia. Lancet, 2: 307, 1944. 

92. Goodson, W. H. and Willus, F. A. Coronary 

thrombosis among persons less than forty years 
of age. Minnesota Med., 22: 291, 1939. 

93. MroDLETON, W. S. and Oatway, W. H., Jr. 

Insulin shock and the myocardium. Am. J. M. 
Sc., 181: 39, 1931. 

94. Nicely, W. E. and Edmondson, C. G. The use of 

insulin in treatment of diabetes. Report of some 
cases. Am. J. M. Sc., 167: 570, 1924. 

95. Smith, K. S. Cardiac syndromes complicating 

diabetes and their treatment. Brit. Heart J., 5: 1, 
1943. 

96. Gralnick, a. Pulmonary edema and electrocardio- 

graphic findings resembling coronary occlusion 


in insulin treatment. Psychiatric Quart., 18: 650, 
1944. 

97. Wittgenstein, A. and Mendel, B. Electrocardio- 

gram after insulin. Klin. Wchnschr., 3: 1119, 1924. 

98. Lauter, S. and Baumann, H. Kreislauf und 

Atmung im hypoglykamischen Zustand. Deutsche 
Arch.J. klin. Med., 163: 161, 1929. 

99. Citron, J. Experiments bn insulin. Med. Klinik., 20: 

1362, 1924. 

100. VON Haynal, E. Action of insulin on the heart. 

Klin. Wchnschr., 4: 403, 1925. 

101. Frey, E. Antagonism of insulin and atropine. Klin. 

Wchnschr., 4: 501, 1925. 

102. Kugelman, B. Zur Frage der Adrenalinauschuttung 

bei der Insulinhypoglykamie und bei Polschen 
Gefasskrisen. Klin. Wchnschr., 12: 1488, 1933. 

103. Hadorn, W. Untersuchungen uber die Beeinflus- 

sung des Herzens durch Insulin und Hypo- 
glykamie. Z^chr.J. klin. Med., 130: 643, 1936. 

104. Hadorn, W. and Walthard, B. Experimentelle 

Untersuchungen fiber anatomische Herzmuskel- 
veranderungen im Insulinshock. /. d. ges. 

exper. Med., 105: 174, 1939. 


* 


AMERICAN JOURNAL OF MEDICINE 



Seminars on Antibiotics 


Chloramphenicol (Chloromycetin) in the 
Treatment of Infectious Diseases* 

Joseph E. Smadel, m.d. 

Washington, D. C. 


C hloramphenicol is one of the im- 
portant recent additions to the 
group of antibiotics of proved 
clinical value. It is effective against a wide 
variety of infectious agents in the laboratory 
and on the ward. The purified crystalline 
form of the antibiotic, obtained from the 
fermentation products of tlie mold Strepto- 
myces venezuelae, was used in most of the 
early laboratory and clinical studies. The 
active material was shown to have a rela- 
tively simple chemical structure and shortly 
thereafter it was produced synthetically on 
a practical basis and made available for 
clinical use. 

HISTORY OF DEVELOPMENT 
AND SYNTHESIS 

During the course of a systematic search 
for new antibiotic agents a Streptomyces 
species which possessed antibiotic proper- 
ties against several bacterial organisms was 
isolated by Dr. Paul R. Burkholder of the 
Osborn Botanical Laboratory at Yale Uni- 
versity from a sample of soil collected in 
enezuela. This culture, together with a 
number of others which showed promise, 
Was given to the Research Laboratories of 
nrke, Davis and Company. The results of 
n senes of integrated investigations by 
Workers in the Research Laboratories^’ 
lu icated that.(l) a substance with marked 
antibiotic activities was readily obtained 
rom filtrates of Burkholder’s organism 
w was subsequently named Strepto- 


myces venezuelae) when grown in large 
tanks, (2) the antibiotic activity of the 
filtrates was attributable to a stable sub- 
stance obtained in crystalline form and 
named Chloromycetin, (3) the crystalline 
antibiotic was well absorbed when ad- 
ministered orally to laboratory animals and 
(4) the new material was of low toxicity for 
animals. While the early work on the 
spectrum of organisms affected by the new 
antibiotic was devoted primarily to a study 
of bacterial species, exploratory studies with 
Rickettsia prowazeki suggested that this 
rickettsial agent might also be susceptible.^ 
At this point a third group of investigators, 
those at the Army Medical Department 
Research and Graduate School, began a 
series of studies designed to determine the 
efficacy of the antibiotic against viral and 
rickettsial agents."^’®’® These focused atten- 
tion on the marked antirickettsial properties 
of the antibiotic and on the low toxicity of 
Chloromycetin for man.'^ The results of 
laboratory studies stimulated clinical trials 
in which patients with rickettsial diseases 
were treated with the newly recognized 
substance. 

Crystalline Chloromycetin obtained by 
the fermentation process provided the 
’biochemists in the Research Laboratories at 
Parke, Davis and Company with suitable 
material for studies on the chemical struc- 
ture of the antibiotic. Chloromycetin proved 
to be a rather simple substance; according 
to Rebstock, Crooks, Controulis and Bartz® 
its structural formula is: 


From the Department of Virus and Rickettsial Diseases, Army Medical Department Research and Graduate School, 

Army Medical Center, Washington, D.C. 
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The authors state, “Chloramphenicol is, so 
far as we know, the first naturally occurring 
compound which contains a nitro group 
or which is a derivative of dichloracetic 
acid.” These workers proved the validity 
of their formula by synthesizing the ma- 
terial and demonstrating that this sub- 
stance had all of the physical and chemical 
properties of the natural antibiotic obtained 
by the fermentation process.® The synthe- 
sized drug was promptly shown to be as 
efficacious in the treatment of experimental 
animals and of patients as was the natural 
substance obtained from the mold.^“ 

The generic name chloramphenicol was 
given to the new antibiotic and the term 
Chloromycetin designated as a trade mark. 

EFFECT OF CHLORAMPHENICOL ON 
MICROBIAL AGENTS 

Rickettsiae and Viruses. Chloramphenicol 
was originally recognized and developed be- 
cause of its in vitro antibacterial effects. How- 
ever, its antirickettsial properties rapidly 
assumed paramount importance. It will be 
recalled that in 1947 no highly satisfactory 
chemotherapeutic agent existed for the 
treatment of the rickettsial diseases of man.” 

Viruses and rickcttsiac are obligate intra- 
cellular parasites which multiply only in the 
presence of living cells. Past experience has 
shown little correlation between the capac- 
ity of various substances to inactivate these 
microbial agenLs in vitro with their capacity 
to inhibit growth of the agents in vivo. 
Therefore, in our screening program no 
attempt is made to determine in vitro destruc- 
tion of viruses or rickcttsiac until after a 
given substance has shown promise in vivo. 
Thus initial studies with new substances are 
performed as chemoprophylactic or chemo- 
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therapeutic tests using infected rodents or 
embryonated eggs. 

Table i summarizes the available in- 
formation on the inhibitory effect of chlo- 
ramphenicol on the growth of a number of 
rickettsiae and viruses. Since the tabular 
data are derived from in vivo experiments 
which vary somewhat in design from one 
infectious agent to another, it is not feasible 
to express the degree of inhibition numeri- 
cally. It is apparent from the table that all 
of the rickettsial agents which have been 
tested with chloramphenicol are markedly 
inhibited in vivo. Members of the psittacosis- 
lymphogranuloma venereum group of viru- 
ses, which are so closely related to the 
rickettsiae that they are classified as mem- 
bers of the family Chlamydozoaceae of the 
order Rickettsiales Gieszczykiewicz in the 
sixth edition of Bergey’s “Manual of De- 
terminative Bacteriology,” are also markedly 
inhibited by this antibiotic. In sharp con- 
trast, none of the other viruses is affected. 

Certain of the experimental rickettsial 
infections appear to respond more readily 
to chloramphenicol than others. For ex- 
ample, when tested in embryonated eggs a 
significant prolongation of life of the em- 
bryos is obtained when 0.0625 mg. of drug 
is injected on one occasion into eggs infected 
with the agent of spotted fever, whereas 
0.5 mg. is required to obtain a significant 
effect in embryos infected \vith the agent 
of Q, fever.® In such experiments as these 
the prolongation of life of embryos is 
equally great whether the drug is adminis- 
tered immediately before inoculation of 
infectious material or a day or so later. Even 
within a given species of rickettsiae certain 
strains may be more susceptible to chemo- 
therapy than others. This is illustrated by 
the response of groups of mice infected with 
the Karp and the Seerangayee strains of R. 
tsutsugamushi. Daily administration of 2.5 
mg. of chloramphenicol per mouse for 
twelve days after inoculation results in 
survival of all animals infected with the 
Karp organism and in death of practically 
all animals infected wdth the Seerangayee 
strain. Prolongation of treatment for twenty 

or medici.ve 
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days permits survival of practically all mice 
infected with Seerangayee. It should be 
mentioned that in such experiments as these, 
death occurs in infected untreated animals 
during the third week after inoculation.® 
Chloramphenicol has no direct ricket- 
tsiocidal effect when tested in vitro in con- 

Table i 

INHIBITORY EFFECT OF CHLORAMPHENICOL ON GROWTH 
OF RICKETTSIAE AND VIRUSES IN LABORATORY 


ANIMAI.S 

Agent and Reference Inhibition 

Rickettsiae: 

Epidemic typhusi'^ Marked 

Murine typhus'* Marked 

Scrub typhus^ Marked 

Rocky Mountain spotted fever'* Marked 

Rickettsialpox^ Marked 

Q, fever® Marked 

Viruses: 

Lymphogranuloma venereum'*’® Marked 

Psittacosis^’® Marked 

Variola-vaccinia'*’*' None 

Influenza A, A' and S'*’*- None 

Mumps*' None 

Lymphocytic choriomeningitis*^ None 

Eastern equine encephalomyelitis*^ None 

Western equine encephalomyelitis*'* None 

St. Louis encephalitis® None 

Japanese encephalitis^ None 

Rabies® None 

Poliomyelitis (Lansing, Yale-SK)'® None 

Mouse encephalomyelitis*® None 

Distemper** None 

Newcastle disease® None 

Chick bronchitis'* None 

Laryngotracheitis** None 


centrations of 1250 jag /ml. against either R. 
tsutsugamushi or the virus of psittacosis. 
Furthermore, in at least several of the ex- 
perimental infections which are benefited 
by chloramphenicol the therapy does not 
result in sterilization of tissues. This has been 
carefully studied in mice infected with R. 
tsutsugamushi. Here viable organisms may 
be recovered from the spleens of infected 
mice 100 days after inoculation despite the 
fact that the .animals have received a full 
therapeutic dose of 2.5 mg. per day during 
the entire period of time.® With certain of 
the other agents, i.e., R. rickettsii and R. 
akari, preliminary data suggest that actual 
sterilization of the tissues may occur in. 
some of the animals which recover from 
infection. However, it may be that auto- 
sterilization occurs rather promptly in 
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experimental animals which survive infec- 
tion with these particular agents. The sub- 
ject of mode of action of chloramphenicol 
will be discussed in a general way in other 
sections of this review. Suffice it to say here 
that in scrub typhus infections in man and 

Table n 

IN VITRO SENSITIVITY OF BACTERIA TO CHLORAMPHENICOL* 


Inhibit- 

ing 

Con- 

centra- 

Organism tion 

Atg/ml. t 

Alcaligencs fecalis 1.0 

Bacillus anthracis 1 . 0-5 . 0 

Brucella abortus 2. 5-10 

Clostridia (genus) > 500 

Corynebacterium diphtheriae 0.5 

Diplococcus pneumoniae 1 . 0-2 . 5 

Esclierichiae coli 2.5 

Hemophilus influenzae 3.6f 

Hemophilus pertussis 0.2 

Klebsiella pneumoniae 0 . 5-2 . 5 

Malleomyces mallei 40 

Mycobacterium tuberculosis 6-12 

Neisseria meningitidis 2.5 

Pasteurella (genus) 0 . 2-2 . 5 

Proteus (genus) 1-25 

Pseudomonas (genus) 10-100 

Salmonella enteritidis 0 . 7-2 . 5 

Salmonella paratyphi 0.7 

Salmonella schottmuelleri 0 . 5-2 . 5 

Salmonella typhosa 1—5 . 0 

Shigella dysenteriae 0.7 

Shigella paradysenteriae 0 . 5-2 . 5 

Shigella sonnei 2 , 5-5 . 0 

Streptococcus pyogenes (hemolyticus) 0 . 7-2 . 5 

Vibrio comma 1.0 


* Information from McLean et al.** 
t Minimum inhibiting concentrations were deter- 
mined on the basis of complete inhibition of growth of 
the designated organism in fluid medium at eighteen 
hours. 

I From Dr. T. E. Woodward, personal communica- 
tion. 

mouse chloramphenicol does not "cure” the 
patient; the antibiotic suppresses growth of 
the rickettsiae and permits the individual 
to develop his immune processes and thus 
to recover from the disease. 

Bacteria. Chloramphenicol has an in- 
hibitory effect on the growth in vitro of a 
wide range of bacteria. A number of the 
early publications contained lists of organ- 
isms with their susceptibility to chloramph- 
enicol as determined by one of several 
methods. The recent report by Me- 
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Lean and his associates'^ presents the most 
extensive single list currently available, 
moreover all organisms mentioned were 
tested by a single method. Information con- 
tained in Table ii has been taken almost 
entirely from this source. The tabular data 
indicate the minimum concentration of 
chloramphenicol required to cause com- 
plete inhibition of growth in fluid medium 
of a number of bacterial species which are 
pathogenic for man. 

Inspection of Table ii reveals a prepon- 
derance of gram-negative bacteria. Chlo- 
ramphenicol does indeed possess considerable 
activity against gram-negative organisms. 
While inhibition of growth of staphylococci 
and streptococci is obtained, the concen- 
trations required to affect these organisms 
are far in excess of the effective concentra- 
tions of penicillin. Such information as that 
given in Table n is of interest to the physi- 
cian early in tlie work with a new antibiotic 
since it supplies leads which may be of value 
in experimental chemotherapy studies in 
animals and in man. In fact, demonstrable 
effectiveness in vitro of a new antibiotic 
against a number of bacteria of medical 
importance is usually a prerequisite for 
continued general interest in that sub- 
stance. However, unless such an antibiotic 
possesses many other satisfactory charac- 
teristics, the new substance remains a matter 
of academic interest to a few laboratory 
workers. 

It would be pertinent in a review of this 
t>qDc to present extensive experimental e\d- 
dcncc of the chemotherapeutic effect of 
chloramphenicol against a number of ex- 
perimental bacterial infections in animals. 
\VhiIc a certain amount of such information 
is available, it is extremely limited. This is 
due in part to the fact tliat early in its 
history’ chloramphenicol was used in the 
treatment of patients with rickettsial disease, 
and subsequently was employed in bacterial 
infections of man without waiting for the 
results of the usual laboratory' experimenta- 
tion. This is illustrated in the successful 
treatment with chloramphenicol of patients 
suffering from typhoid fever.*' An even 


more extreme example is found in its use in 
the satisfactory treatment of acute gonor- 
rheal urethritis in the male;*® here labora- 
tory data are still not available on tlie in vitro 
effect of chloramphenicol on Neisseria 
gonococcus. 

The work of Youmans and his colleagues 
on the tuberculostatic action of chloram- 
phenicol in mice is encouraging and deserves 
to be extended, particularly since tlie blood 
levels obtained in tlie treated mice were well 
below those which can be produced readily 
in human beings.*® Gauld and his co- 
workers®® demonstrated the efficacy of 
chloramphenicol in mice inoculated with 
Vibrio comma. However, they pointed out 
the difficulties which would accompany 
chemotherapy of cholera in man and sug- 
gested that its principal use in this infection 
might be as a prophylactic agent during an 
epidemic. 

Woodward and his co-workers®* found 
that chloramphenicol had little beneficial 
effect in mice treated for three days after 
infection with Pasteurella tularensis. Under 
these same conditions streptomycin gave 
somewhat more satisfactory results but 
aureomycin was superior to the other two 
antibiotics. Smith and his colleagues make 
the following statement;® “Exploratory ex- 
periments, using small numbers of mice 
infected intraperitoneally with lethal doses 
of virulent Klebsiella pneumoniae (type A), 
Shigella paradjsenieriae (Flexner), Shigella 
paradysenteriae (Sonne), Diplococais pneumoniae 
(type 1 ), Streptococcus hemolylicus, and Stieplo- 
coccus viridans and treated subcutaneously 
with Chloromycetin in 20 per cent propylene 
gly'col, streptomycin sulfate, or penicillin G, 
showed that Chloromycetin was qualitatively 
similar to streptomy'cin but quantitatively 
inferior in protective action.” 

The results obtained when mice were 
infected with Salmonella typhimurium and 
treated ^vith chloramphenicol were con- 
sidered by Seligmann and Wassermann®® to 
be discouraging. It is to be noted that their 
treated mice sur\'ivcd during the relativ'cly 
short period of therapy but subsequently 
died. This brings up several points which 
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are worth mentioning at tins time. In the 
first place, chloramphenicol may be highly 
bacteriostatic for a given organism but 
almost completely lacking in bactericidal 
power for the same organism. Thus con- 
centrations of 1000 jug/ml. in fluid media 
do not kill S. typhosa.^"^ This is similar to 
the observation described earlier in which 
chloramphenicol had no in vitro rickettsio- 
cidal activity against R. tsutsugamushi. 
With tliese tw'o agents, at least, recovery of 
the individual must depend upon the de- 
velopment of immunity in the infected host 
since the antibiotic merely suppresses growth 
of the organisms. The situation in mice in- 
fected with S. typhimurium may be similar 
to that in man infected with S. typhosa. 
In the latter instance, if relapses are to be 
avoided, chloramphenicol therapy must be 
continued for longer than eight days.^® 

Fungi. The majority of the fungi which 
have been examined are not affected by 
chloramphenicol. McLean and his associ- 
ates^® tested twenty-one strains from eleven 
genera of pathogenic fungi and sixteen 
strains from nine genera of non-pathogenic 
fungi. Growth of two representatives from 
the first group, namely, Actinomyces bovis 
and Nocardia asteroides, both of which are 
Causal agents of actinomycosis, were com- 
pletely inhibited by concentrations of 5 to 
20/ig /ml. The remaining organisms in both 
groups were not inhibited appreciably by 
concentrations of 1000 to 2500 /xg/ml. 

Spirochetes. Experimental infection in 
rabbits caused by Nichols strain of Trepo- 
nema pallidum was not affected by daily 
doses of 25 mg. of chloramphenicol per Kg. 
of body weight. Double and quadruple this 
amount cleared the lesions of spirochetes 
and permitted healing temporarily.® These 
preliminary results suggest that chloram- 
phenicol does not compare favorably with 
penicillin in the therapy of experimental 
syphilis. 

Spirochetes of relapsing fever, Borrelia 
novyi and B. recurrentis, were immobilized 
by chloramphenicol in vitro and infection in 
mice with the first organism was suppressed 
appreciably by small doses of the drug.®’^® 
November, 1949 


Protozoa. Chloramphenicol had no ap- 
preciable antimalarial effect when tested in 
ducks and chickens infected with Plas- 
modium lophurae.® High concentrations of 
the drug did not affect Trichomonas foetus 
but in certain culture media reduced the 
number of Endamoeba histolytica. The 
latter observation in itself may be of little 
importance since the result may have been 
an indirect one involving the bacteria which 
occur in the cultures and serve as a nutrient 
supply for the ameba. Of greater signifi- 
cance, however, is the observation that an 
appreciable clearing of infection occurred 
in rats and dogs with experimental amebia- 
sis which were given large doses of drug.^® 

Development of Resistance by Micro-organisms. 
McLean and his co-workers^® have shown 
that resistant variants can be developed 
from a number of species of bacteria which 
were originally susceptible to chloram- 
phenicol. This was done in the usual man- 
ner, i.e., growing the culture in increasing 
concentrations of the antibiotic. 

Neither the experience of these workers 
nor that in our laboratory® has presented 
evidence that drug-resistant strains of rick- 
ettsiae can be developed under experimental 
conditions. ' ' 

It is noteworthy that clinical experience 
in the treatment of typhoid fever and scrub 
typhus has provided no indication that 
resistant strains make their appearance in 
treated patients. ^^’®^ Thus it would appear 
tliat this phenomenon may be expected to 
be of little importance to the physician. 

LABORATORY METHODS FOR DETERMINATION 
OF CHLORAMPHENICOL LEVELS 

Chloramphenicol is an extremely stable 
compound. It is unaffected over the pH 
range from 2-9 or by boiling in distilled 
water for a number of hours.® The solubility 
of the neutral, white crystalline drug in 
distilled water is 0.25 per cent. Solutions of 
this concentration may be kept for months 
at icebox temperatures for use as the stand- 
ard in assays for chloramphenicol. Solutions 
containing less than 1 .0 mg. per ml. deteri- 
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orate after a few days or weeks of storage in 
the refrigerator. 

Bioassay. A number of the methods 
which have proved suitable for assaying 
other antibiotics have been used with 
chloramphenicol. At the Army 


Bratton and Marshall for determination of 
sulfonamide. As would be expected under 
these circumstances the presence of sul- 
fonamides interferes with the test. 

About 10 per cent of the chloramphenicol 
administered to human beings and dogs is 
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Fig. 1. Blood and urine levels of chloramphenicol following a 2.0 Gm. oral dose. 
Determinations were by the bioassay method. (Reproduced from Proc. Soc. Exper. 
Biol & Med., 68; 9-12, 1948.") 


Medical Department Research and Grad- 
uate School a modification of the turbidi- 
metric method of Ehrlich and his associates® 
has been used most extensively. In this 
technic tlie amount of crystalline drug in a 
known standard solution which is required 
to produce 50 per cent inhibition of growth 
of Shigella sonnei is compared spectro- 
photometrically with the inhibiting capacity 
of var^ang dilutions of the unknown mate- 
rial. The method determines the amount of 
biologically active chloramphenicol and is 
satisfactory for estimating the drug levels 
in scrum, urine and spinal fluid and, with 
some slight modifications, milk and bile. 

Chemical Method. The chemical method 
for determining chloramphenicol, as de- 
scribed by Glazko and his associates,"® is 
based on tlic reduedon of the nitro group of 
the chloramphenicol molecule to a primary 
amine (this is eflccted by heating with zinc 
dust) followed by diazotization and cou- 
pling. The color produced by this reaction 
is proportional to the concentration of 
chloramphenicol. In essence, after conver- 
sion to the primar)' amine the method is 
essentially identical with the procedure of 


excreted in the urine in the active form and 
is detectable by bioassay. In dogs most of the 
administered chloramphenicol appears in 
the urine in the form of inactive nitro com- 
pounds which, like the active substance, 
react in the chemical determination for 
chloramphenicol. In human beings most of 
the chloramphenicol is excreted in an 
inactive conjugated form, probably as the 
monoglucuronide. 

Since relatively small amounts of the 
degradation forms of the drug are present 
in blood and spinal fluid, the chemical 
determination gives a close approximation 
of the amount of biologically active anti- 
biotic which is present. On the other hand, 
the occurrence of large amounts of degrada- 
tion products in the urine interferes with 
the chemical estimation of the amount of 
active drug. 

Levels of Chloramphenicol in Body Fluids of 
Man. Figure 1 illustrates the levels of 
chloramphenicol attained in the blood and 
urine of a normal person following the oral 
administration of a single 2.0 Gm. dose of 
drug. These data, obtained by bioassay, 
indicate that the drug is rapidly absorbed 
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from the gastrointestinal tract and reaches patients who were treated with chloram- 


appreciable levels in botli blood and urine 
within one-half hour.^ The maximal blood 
levels, which are usually of the order of 
20 to 40 Mg /ml. following a 2.0 Gm. dose 
and 40 to 60 Mg /ml. after a 4.0 Gm. dose, 
are reached witliin one to three hours. The 
values gradually decline and no detectable 
antibiotic is found at eighteen to twenty-four 
hours. The levels of active material in the 
urine are appreciably higher than in the 
blood but the rise and fall follow the same 
general pattern. The amounts of chloram- 
phenicol in the spinal fluid, bile and milk of 
human beings are about half those found 
simultaneously in the blood. 

CLINICAL USE OF CHLORAMPHENICOL 
Rickettsial Diseases 

Typhus Fevers {Epidemic, Murine and Scrub). 
The early laboratory studies indicated that 
chloramphenicol might be of value in the 
treatment of rickettsial diseases. Since satis- 
factory therapeutic measures were particu- 
larly needed for this group of infections, the 
first clinical trials of the new drug were 
made with patients suffering from typhus 
fever during the winter of 1947 and 1948 in 
Bolivia^® and in Mexico. These initial 
observations provided highly encouraging 
results but both tests left something to be 
desired. Although carefully studied the 
Mexican patients with epidemic and murine 
typfius were few in number. On the other 
hand, while a larger group of patients was 
treated in Bolivia during an epidemic of 
louse-borne typhus, facilities were not avail- 
able for the extensive study of individuals. 
Additional results with chloramphenicol in 
the treatment of patients with epidemic and 
niurine typhus have not been reported, 
nevertheless, these two preliminary trials 
ave received much indirect support from 
t e results of therapeutic studies with this 
antibiotic in patients with two other rick- 
^tsial diseases, i. e., scrub typhus and Rocky 
ountain spotted fever. There is little point 
^n discussing the therapeutic regimens em- 
P oyed in the first groups of typhus fever 
November, 1949 


phenicol since subsequent studies have pro- 
vided information which should now be 
applied to these two diseases. 

The work in Malaya of the U. S. Army 
Scrub Typhus Research Team on the treat- 


Table m 

SCRUB TYPHUS PATIENTS 
KUALA LUMPUR, 1948* 



Treated 

Untreated 

No. patients 

30 23 males 

19 16 males 


7 females 

3 females 

Day after onset 

begun 

Last febrile day of 

3 to 11, av. 6.2 


illness 

Duration of fever 

4 to 12, av. 7.4 

12 to 31 av. 17.1 

after begun 
(hr.) 

6 to 96, av. 31 . 8 


Day after onset dis- 



charged from hos- 
pital 

14 to 28, av. 17.8 

17 to 51 av. 29.9 

Complications 

0 

1 parotitis 

1 pneumonia 

Deaths 

0 

1 17th day 

Month of onset .... 

March-Sept. 

Feb.-June 


* Reproduced from Smadel, Woodward, Ley and 
Lewthwaite.®^'’ 


ment of tsutsugamushi disease provided 
conclusive evidence of the efficacy of chlor- 
amphenicol in the therapy of rickettsial 
diseases. The data on the first thirty 
patients with naturally acquired scrub 
typhus who received this new antibiotic are 
summarized in Table iii. 

The typical response of a treated patient 
in this series is illustrated graphically in 
Figure 2. All of the Malayan patients 
received an initial oral dose of 3.0 to 4.0 
Gm. of chloramphenicol. This was followed 
by 0.25 Gm. amounts at intervals of two to 
three hours for a varying period of time. 
The first patients were treated over a 
period of five or six days but subsequent 
observations showed that such long periods 
of therapy were unnecessary. Indeed, a 
single oral dose of 3.0 to 4,0 Gm. of drug 
was sufficient to control the disease in a 
number of patients who received this 
regimen. However, the ultimate practice 
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was to give an initial loading dose of 3.0 or phenicol is rickettsiostatic but not rick- 

4.0 Gm. and follow this with 0.25 Gm. ettsiocidal. It would appear that suppression 

every three hours during the succeeding must be maintained long enough for the 

twenty-four hours. individual to develop immunity if he is to 

Chloramphenicol has been used prophy- remain asymptomatic when tlie drug is 

lactically in human beings exposed to scrub discontinued. 




Fxg. 2 . Clinical response of patient with scrub typhus to chlorampheni- 
col therapy begun on the sixth day of disease. A total of 6.5 Gm. of 
chloramphenicol was given over a period of twenty-two hours. (Repro- 
duced from j, Clin. Investigation, 28: 1196, 1949."**’) 


typhus. It has been shown that daily oral 
doses of 1.0 Gm. or weekly doses of 4.0 Gm. 
arc sufficient to suppress clinical evidence of 
disease in volunteers who were exposed in 
h\-pcrcndcmic areas of scrub t^-phus in 
Malaya. ^Vhen prophylaxis was continued 
for only two weeks after the end of exposure, 
scrub t^-phus developed in the volunteers 
about a week after the last prophylactic 
dose of drug.-® However, when the regimen 
was continued for four weeks after the last 
exposure, none of the volunteers subse- 
quently developed clinical disease.-’ Here 
again the evidence indicates that chloram- 


Spotted Fever, Pincoffs and his co-work- 
ers^° obtained excellent results with chlor- 
amphenicol in the treatment of fifteen 
patients suffering from Rocky Mountain 
spotted fever. These persons, who were 
carefully studied during the spring and 
summer of 1948, were given an initial oral 
loading dose of 75 mg. per Kg. of body 
weight followed by 0.5 Gm. every three 
hours until the temperature had been nor- 
mal for a twenty-four-hour period. The 
average duration of fever after initiation of 
therapy was approximately 2.2 days. Tlic 
duration of the febrile response in each of 
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the fifteen cases is presented graphically in 
Figure 3. A number of the patients were 
desperately ill but all recovered. 

For comparison the Baltimore group 
analyzed the records of forty-six patients 
with spotted fever who were treated at the 
University Hospital between 1930 and 1946 
and who reeovered without benefit of 
specific therapy and without complications. 
The average duration of fever in these cases 
was 16.0 days. The authors point out that 
in Maryland during the past decade the 
mortality from Rocky Mountain spotted 
fever has been about 20 per cent. 

General Remarks. In general, a thera- 
peutic schedule which seems applicable to 
adult patients suffering from the rickettsial 
diseases is as follows: An initial loading dose 
of 3.0 to 4.0 Gm. of chloramphenicol given 
by mouth, followed by 0.25 Gm. doses every 
two or three hours until the temperature 
returns to a normal level. Such a schedule 
usually requires 5.0 to 10.0 Gm. of drug 
over a period of one to three days. 

Reports have not yet appeared on the use 
of chloramphenicol in patients with Q, fever 
or rickettsialpox, both of which diseases 
occur in the United States. Laboratory data 
on experimental infections caused by the 
agents of these rickettsial diseases would lead 
to the belief that the drug should be useful 
in the treatment of such patients. 

Bacterial Diseases 

Typhoid Fever. Two patients originally 
presumed to have scrub typhus and treated 
with chloramphenicol by the American 
group in Malaya subsequently were proved 
to have typhoid fever; these patients became 
afebrile in three to four days. As a result 
studies on this disease were pursued inten- 
sively. The data obtained from the first ten 
cases of typhoid fever who received chlor- 
amphenicol clearly indicated that the anti- 
biotic had a specific therapeutic effect in 
this bacterial disease. The average duration 
of fever in this group of patients after treat- 
ment Was instituted was 3.5 days.^^“ The 
graphic record of one of the first patients is 
presented in Figure 4. 
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The extensive experience of the Army 
group, gained in the treatment of forty-four 
patients with typhoid fever, confirmed the 
early observations. These investigators 
pointed out that the patients became 
afebrile before the intestinal lesions of 


Day oF dascase 



I control scries 
ESDuration oF fe/cr 
prio r to thercx-py. 
■■Duration. oF fever 
after irafciaiion. 
of therapy 


Fig. 3. Duration of fever in fifteen cases of Rocky 
Mountain spotted fever treated with chlorampheni- 
col contrasted with average duration of fever in 
control series of forty-six cases. (Reproduced from 
Ann. Int. Med., 29: 656-663, 1948.30) 


typhoid fever healed and as a result hemor- 
rhage and perforation sometimes occurred 
during or shortly after defervescence. In 
their summary of the first twenty-four 
patients treated they reported intestinal 
hemorrhage in two persons and intestinal 
perforation in another. Nevertheless, all of 
these treated patients recovered. 

The Army group encountered relapses of 
typhoid fever in two of the first ten treated 
patients. Subsequent studies demonstrated 
that the incidence of relapses was related 
to the duration of chloramphenicol ther- 
apy.^® Thus a clinical relapse with reappear- 
ance of bacteremia occurred in seven of the 
thirteen patients whose initial course of 
drug was given for eight days or less; the 
average duration of therapy was 6.9 days. 
No relapses occurred in another group of 
nineteen patients which was comparable in 
essentially all respects except that the treat- 
ment was continued for nine to fourteen 
days, average 11.2. Similarly, no relapses 
were encountered in a third group of twelve 
patients whose therapy was continued for 
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fourteen to twenty-three days. On the basis 
of these findings it would appear that 
patients with t^^jhoid fever should receive 
25 to 30 Gm. of chloramphenicol over a 
period of ten to twelve days. This can be 
given in the following manner: After an oral 


appear to be higher in the treated group 
than it was in the large groups of patients 
who recovered before the advent of specific 
therapy. Chloramphenicol appears to be 
of no value in eradicating the carrier state 
of typhoid fever. 



40-f 

OOS£ J 



Fig. 4. Clinical response of typhoid patient to chloramphenicol therapy, A total of 22 Gm. 
was given over a period of nine days. (Reproduced from Amt. Int. Mcd.y 29: 131-134, 
1948.‘'») 


loading dose of 3.0 Gm. the patient may be 
given a total of 3.0 Gm. daily in divided 
doses until the fever disappears. Subse- 
quently the patient should receive 2.0 Gm. 
daily for die next eight to ten days. 

In general, S. typhosa were no longer 
demonstrable in the bloods of the patients a 
few hours after chloramphenicol therapy 
was begun. Furthermore, the blood re- 
mained sterile thereafter except in those 
instances in which relapses occurred. About 
one-half of the patients had S. typhosa in 
their stools on one or more occasions after 
chloramphenicol therapy was begun. Stools 
from the majority of these did not \-icld the 
organisms after therapy was discontinued; 
indeed, the reappearance of S. tj'phosa in 
the stool was limited almost entirely to those 
individuals who sufTcred relapses. The 
incidence of the typhoid carrier state did not 


Confirmatory evidence regarding the 
value of chloramphenicol in the treatment 
of typhoid fever has accumulated rapidly. 
McDermott and his associates during the 
course of therapeutic trials in Mexico in the 
fail of 1948 reported experiences similar to 
tliosc of the Army group in Malaya.^* More 
recently the drug has been shown to be of 
value in the treatment of a number of 
patients with this disease in the United 
Kingdom®*'®^ and the United States.^'’ 
Brucellosis. Woodward and his associ- 
ates®*' reported on the results of administer- 
ing chloramphenicol to nine patients with 
brucellosis. Six of these were experiencing 
an initial attack and three were sufTcring a 
relapse which had begun two to five months 
after the primar\' illness had been controlled 
by combined streptomycin and sulfadiazine 
therapy. In four of the patients Brucella 
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abortus was cultured from tlie blood, in two phenicoi and aureomycin, was the drug of 
B. suis and in one B. melitensis. The diag- choice for this disease, 
nosis in the two remaining cases was Hai'ris’ experience, although more exten- 
established by agglutination tests. The sive than that of Woodward, provided less 

clinical record of one of these patients is definitive information. Among the 110 

reproduced graphically in Figure 5. The patients with brucellosis who were treated 
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Fig. 5. Clinical response of patient with brucellosis (B. suis) treated with 15.5 
Gm. of chloramphenicol over a period of seven days. (Reproduced from J. Chn. 
Invesligalion, 28; 968, 1949.«) 


average duration of fever after therapy was with aureomycin and twenty-five who 

begun was 2.7 days for the nine patients. received chloramphenicol, the diagnosis was 

The therapeutic regimen employed in proved culturally in only one instanee. 

this group of patients was similar to that Gonorrhea. During the work of the Army 
used in typhoid fever. Following the initial research team in Malaya one of the volun- 

loading dose of approximately 50 mg. of teers in a scrub typhus chemoprophylactic 

chloramphenicol per Kg. of body weight, test developed acute gonorrheal urethritis 

the patients were given 0.25 Gm. doses at shortly before he was due to receive his first 

three-hour intervals until the temperature oral dose of 3.0 Gm. of chlorarnphenicol. 

became normal and for a minimum of Treatment of the urethritis was de ayed in 

live days thereafter. The majority of order to see what effect the scheduled dose 

patients were followed for six to nine of chloramphenicol would have on the 

months after treatment. One individual gonorrheal infection. The discharge m this 

suffered a relapse thirty days after chloram- individual cleared within twenty-four hours 

phenicoi was discontinued. This febrile after the drug was given. Subsequently a 

episode was promptly terminated when total of forty-eight Malayan males with 

therapy was again instituted. acute gonorrheal urethritis were treated 

The authors concluded that chloram- with a single oral dose of 1.0 to 1.5 or 3.0 to 

phenicoi was superior to the earlier forms 3.5 Gm. of either fermentation or synthetic 

of treatment. They also concluded that at chloramphenicol.^^ The clinical response 

this time it was impossible to decide which was essentially the same in each subgroup, 

of the two new antibiotics, i. e., chloram- Dysuria disappeared within thirty-six hours 
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(average for the forty-eight patients) and 
discharge (as determined by the absence of 
exudate on stripping) within forty-nine 
hours. Smears of the discharge with few 
exceptions \vere free of gonococci by the 
next day and leukocytes generally were 
absent from the discharge in those instances 
in which this sign persisted longer than 
forty-eight hours. Ten patients, or approxi- 
mately 20 per cent of this entire series, had 
relapses during the month following treat- 
ment. There was no apparent difference in 
the number of recurrences in the various 
subgroups. All patients with relapses were 
treated with a single oral 3.0 Gm. dose 
of chloramphenicol and all responded 
satisfactorily. 

The authors were of the opinion that the 
therapeutic results in this infection com- 
pared favorably with those obtained by 
other methods of therapy. They pointed out 
that chloramphenicol appeared to have 
limited effect in experimental syphilis in 
rabbits and that their results in two patients 
with syphilitic chancres were essentially 
comparable to those reported in infected 
rabbits. Therefore, it seemed possible that 
doses of chloramphenicol which were ade- 
quate to cure the Neisscrian infection might 
not suppress a syphilitic infection which 
was in the incubation period. 

Ollier Bacterial Injeclions. There are a 
number of reasons why chloramphenicol 
should be of value in the treatment of 
urinary tract infections. In the first place, 
larger amounts of antibiotic arc found in 
the urine than in the blood. Secondly, many 
of the bacteria commonly found in urinary' 
tract infections arc readily inhibited by the 
antibiotic. Cliittcndcn and his co-workers*® 
found that the urine of infected patients 
became free of bacteria within a day or so 
after chloramphenicol treatment \vas in- 
stituted in the form of 1.0 to 3.0 Gm. daily. 
These workers emphasized that compli- 
cating factors which interfere with urinar\’ 
flow must be corrected if the infection is to 
be permanently controlled. 

The causal organisms of a number of bac- 
terial diseases of man arc susceptible to 


chloramphenicol. Although reports of tlic 
use of this new antibiotic in the treatment 
of patients with these diseases have not yet 
appeared in the literature, they will be 
awaited with interest. Some of these infec- 
tions are whooping cough, influenzal menin- 
gitis, Friedlander’s pneumonia, plague, 
bacillary dysentery, cholera, melioidosis and 
perhaps even tuberculosis. 

CHLORAMPHENICOL IN OTHER INFECTIOUS 
DISEASES OF MAN 

One published report has appeared on 
the use of chloramphenicol in a patient with 
atypical pneumonia associated with the 
development of cold agglutinins.*® The 
results of future experience in the therapy 
of this disease must be awaited before any 
conclusions are warranted. It will be 
recalled that atypical pneumonia is a 
clinical syndrome having a variety of 
etiologic agents but that the causal agent 
of the disease associated with the cold 
agglutination phenomenon has not been 
transmitted to animals.'*® Chloramphenicol 
is effective against R. burneti and the virus 
of psittacosis, both of which may produce 
pulmonary disease indistinguishable from 
primary atypical pneumonia of unknown 
etiolog>L Therefore, in future studies it will 
be important to employ all of the available 
diagnostic procedures in order to establish 
the etiology" of each case of treated aty'pical 
pneumonia. 

The experimental infections with the 
virus of lymphogranuloma venereum, which 
is closely" related to the agent of psittacosis, 
arc readily" controlled by chloramphenicol. 
It is to be expected that the drug will prove 
of value in treating human disease caused 
by" this virus. 

/Xnothcr of the venereal diseases, i. c., 
granuloma inguinale, appears to respond to 
chloramphenicol. Grccnblatt and his asso- 
ciates** reported good results in five patients 
with this infection who received 20 Gm. of 
drug over a period of five to ten days. 
Donovan bodies were no longer demon- 
strable in the lesions a few days after therapy 
was begun. 
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Chloramphenicol has some in vivo effect 
on several members of the family Trepo- 
nemataceae. Whether it wall be of value in 
the treatment of patients wath relapsing 
fever or with s^^hilis remains to be seen. 
The Army group in Malaya^® observed two 
patients with primary syphilis in whom the 
spirochetes disappeared and the primary 
lesion healed after several days of oral 
therapy. However, both of these individuals 
developed recurrent lesions at the sites of 
the original chancres about a montli later. 
In view' of the efficacy oi established 
methods of antiluetic treatment, studies on 
chloramphenicol therapy in syphilis should 
be restricted to a few' specialized centers 
until adequate evaluation is obtained. 

TOXICITY OF CHLORAMPHENICOL FOR MAN 

The presence of the nitrobenzene radical 
in the structure of chloramphenicol led to 
the suspicion that the drug might be toxic 
for the hemopoietic system. Careful observa- 
tions on a relatively large number of 
patients with scrub typhus or with typhoid 
fever who were treated with the antibiotic 
have failed to show any significant change 
in the red blood cells or white blood cells 
attributable to therapy. Furthermore, none 
of these cases has shown evidence of renal or 
hepatic involvement. 

Occasional individuals who receive large 
single doses have transient mild euphoria. 
A number of persons complain of mild 
gastrointestinal disturbances characterized 
by moderate gaseous distention and a slight 
change in the consistency of the feces for a 
fevv days. A few persons, limited almost 
entirely to the group receiving drug for a 
period of a week or more, develop glossitis. 
This is characterized by tenderness, hyper- 
emia and marked prominence of lingual 
papillae. Glossitis continues during the 
period of therapy and for a few days after 
the drug has been stopped. After prolonged 
administration of the antibiotic pruritus ani 

ss been noted in a few instances. 

No serious toxic manifestations have 
occurred as a result of chloramphenicol 
therapy. In fact, the untoward reactions so 
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far observed have been minor in character. 
It must be realized, however, that the drug 
is only now coming into wide usage and 
careful search for such manifestations should 
be continued. 

CONCLUSIONS 

Chloramphenicol is a highly effective 
therapeutic agent against a number of 
infectious diseases of man. Among these the 
rickettsial diseases, typhoid fever, brucel- 
losis and gonorrhea are presently in the 
foreground. 

The drug has potential usefulness against 
other diseases caused by a wide variety of 
etiologic agents. 

It is worth while to compare the experi- 
mental data summarized in this article with 
those dealing with aureomycin.^® Both 
antibiotics are amazingly similar in their 
therapeutic effectiveness in a wide range of 
infections. Despite these similarities the two 
are not identical. The chemical structure 
of chloramphenicol is simple and the drug 
has been svnthesized on a commercial 

f 

scale; neither of these points applies to 
aureomycin. Chloramphenicol is a specific 
for typhoid fever while aureomycin is not. 
Neither drug appears to be dangerously 
toxic but annoying reactions are more fre- 
quent following aureomycin than chloram- 
phenicol. The medical world is fortunate in 
having acquired within the past two years 
two such valuable antibiotics as chloram- 
phenicol and aureomycin. It is safe to 
assume that the limits of application of both 
of these have not yet been reached. 
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Case Reports 


Tetanus Following Dental Extraction* 

Dwght Gris\volDj m.d. and Albert C. Herring, m.d. 

New York, New York 


T etanus is a rare disease in north- 
eastern United States. In 1937 
Huntington, Thompson and Gor- 
don* collected only 642 cases from the 
records of eighteen hospitals situated in this 
area. During the peacetime period of 1920 
to 1929 the United States Army with an 
average strength of 130,000 men reported 
eight cases.- Between 1939 and 1943 there 
were 3,105 deaths from tetanus in the 
United States.® The average annual mor- 
tality was 621. At this hospital there have 
been only five cases in 219,408 admissions 
during the past twenty-five years. Of the 
four previous cases two occurred in 1923, 
one in 1925 and one in 1943. There was one 
death. 

The low incidence of tetanus contributes 
to the difficulty in diagnosis. Vinnard"* 
reported that in his series of 352 patients 
treated at the Charity Hospital in New 
Orleans between 1934 and 1944 twenty-six 
cases were not diagnosed at first. Of this 
scries fourteen were admitted to the hospital 
for one to seven days before the correct 
diagnosis was made. 

Following the development of clinical 
signs of tetanus the prognosis depends on 
early diagnosis and treatment.®"® Since 
the mortality is estimated at between 20 
and 50 per cent,’ ® the importance of early 
diagnosis is self-evident. 

C.\SE REPORT 

This was the third hospital admission of J. 
S., a sixty year old colored male complaining of 
inability to open his mouth, pain in his jaw, 
hack, hips and kncc.s. The past hisioiA- revealed 
th.it he had a primaty luetic infection at the age 
of twenty-six. For the three years preiious to 


admission he had been treated with bismuth and 
arsenicals at another institution. Spinal scrolog)’ 
was negative in 1932. The patient’s first admis- 
sion was in 1936 with the diagnosis of syphilitic 
aortitis and mild cardiac decompensation. His 
second admission occurred in 1937 with the 
diagnosis of syphilitic aortitis, alveolar abscesses, 
treatment for an error in refraction and extrac- 
tion of two teeth. Spinal serology was negative. 
Since 1 937 he had been followed in the cardiSc 
clinic with minimal symptoms and physical 
findings. In September, 1946, he appeared at 
the dermatology clinic with a hemostatic ulcer 
of his left lower leg secondary to varicose veins. 
By August 1 , 1 947, it had been considered healed 
but he was still being treated with 1 per cent 
ichthyol and Lassar’s paste at the time of 
admission. ^ 

Thirteen days before admission the patient 
had the upper left second molar extracted using 
novocain anesthesia. Six days before admission 
he reported not feeling w'cll and complained of 
a head cold. Four days before admission and 
nine days following the extraction the patient 
appeared at the out-patient department com- 
plaining he could not talk. His jaw' could be 
opened 1 cm. No tenderness was found on c.x- 
amination. There w’as no Chvostek sign. Deep 
reflexes w’cre normal. It was noted that the 
masseter muscles seemed to go into spasm on 
attempted opening of the jaw'. The patient was 
seen again that afternoon when it was obscrv'cd 
that his jaw appeared sw'ollen about the tem- 
pcromandibular joint. It was thought that he 
had a subperiosteal abscess. Surgical consulta- 
tion was obtained. His temperature was 99.6 
orally. There was no local tenderness nor any 
ccrxical lymphadenopathy. 

Three days before admission and ten days 
following the dental extraction he returned^ to 
the out-patient department where no oral lesion 
was found to warrant trismus. There were 
several abrasions of the tongue. Althouch his 
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bite was very powerful, his jaw could be opened 
wide with a tongue depressor. His condition was 
considered emotional. Two days before admis- 
sion he was seen again at the out-patient depart- 
ment. Trismus was still present and poor co- 
ordination of his legs was noted. During the 
three days prior to admission he experienced 
progressive stiffness of his back and legs, with a 
developing opisthotonos, constipation and in- 
ability to void. 

He was admitted by ambulance in severe 
trismus and extreme opisthotonos. There was no 
history of convulsions. A tongue depressor could 
not be forced between his teeth. He experienced 
difficulty in respiration and breathing was 
stertorous. There was no history of any cut, 
puncture wound, splinter or other such portal 
of entry, nor did physical examination reveal 
any such evidence. He was admitted with the 
diagnosis of tetanus. On physical examination 
the patient was seen to be a fifty year old 
colored male in acute distress and in severe 
opisthotonos. Temperature was 99.4°, pulse 80 
and respiration 20. He was able to speak only 
with difficulty and bloody mucus ran from 
between^ his teeth. Periodic generalized tonic 
convulsions, lasting ten to fifteen seconds, began 
shortly after his admission to the ward. Risus 
sardonicus was present. Trismus prevented in- 
sertion of a tongue depressor blade to open the 
jaw forcibly more than a cm. By retracting 
his cheek and inspecting the tongue from the 
side where his teeth were missing the tongue 
appeared bloody and lacerated. The site of the 
dental extraction was poorly visualized because 
of the trismus and bloody mucus. Forcing the 
jaw open caused masseter spasm. His neck was 
rigid and hyperextended. There was no cervical 
lymphadenopathy. His heart rate was slow and 
regular. There were no murmurs or enlarge- 
nient of the heart. On examination of his ab- 
domen there was generalized resistance, and 
some tenderness was present in the lower aspect 
of the right rectus muscle. There was stiffness 
and rigidity of the lower extremities. On passive 
niotion the knee and hip joints could be moved 
forcibly but incompletely. On the anteromedial 
aspect of the lower third of the left leg there was 
a shallow ulcer }4, cm. in diameter with a 
granulating base. Deep reflexes were 24- and 
bilaterally equal and active. Babinski reflexes 
were negative. 

Laboratory data were as follows: Urine analy- 
sis revealed a specific gravity of 1.009; albumin, 
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negative; sugar and microscopic examination, 
negative. Hemoglobin was 14.9 Gm., 100 per 
cent, with 9,000 white blood cells, polymorpho- 
nuclear cells, 78 per cent, and lymphoeytes, 
22 per cent. The white blood count rose to 
12,900 on his sixth hospital day but then re- 
turned to normal. Mazzini and Kolmer tests 
were 4-f- positive. Urea nitrogen was 8.4 mg. 
per cent; sugar, 96 mg. per cent; calcium, 
10 mg. per cent; phosphorus, 3.7 mg. per cent; 
alkaline phosphatase, 1.3 Bodansky units per 
cent; total proteins 6.8 Gm. per cent, with the 
albumin 3.9 Gm. per cent and globulin 2.9 Gm. 
per cent. The sedimentation rate was 28 mm. 
on admission, rose to 65 mm. by the nineteenth 
day and returned to normal at the time of his 
discharge. Cultures from the dental extraction 
site and leg ulcer were negative for tetanus 
bacilli. Spinal fluid was clear; it showed 5 cells 
per cc., 3 being red blood cells and 2 white blood 
cells. Spinal fluid protein was 70 mg. per cent. 
There was no serology report. Guinea pig test 
for tetanus using the spinal fluid was negative. 
A chest plate showed slight left ventricular 
hypertrophy of the heart and a moderately 
tortuous but not dilated aorta. Electrocardio- 
gram showed normal rhythm, left axis devia- 
tion and ventricular ectopic extrasystoles. 

A lumbar tap was attempted the night of 
admission but it was unsuccessful because of 
extreme opisthotonos. A large pillow was placed 
under his arched back for support. 

He was immediately given tetanus antitoxin 

40.000 units intravenously, soluble phenobarbital 
4 gr., morphine sulfate H gr- and penicillin 

30.000 units intramuscularly. Following this he 
received tetanus antitoxin 40,000 units intra- 
venously every six hours, with soluble pheno- 
barbital 2 gr. every six hours and penicillin 

100.000 units intramuscularly every three hours. 
During this time he was given sedatives to 
control his spasms but not so deeply as to give 
him respiratory depression. 

On the morning following admission it was 
noted he was worse. He was unable to talk be- 
cause of the trismus and sore tongue. A neuro- 
surgical consultation was obtained and a lumbar 
tap was performed by a lateral approach to the 
spinal canal. Normal manometries and clear 
fluid were found. Tetanus antitoxin 20,000 units 
were instilled, the only time this route of ad- 
ministration was used. The patient was main- 
tained on parenteral fluids daily: 1,500 cc, 5 per 
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cent glucose in normal saline, amigen 1,000 cc. 
and vitamins. 

During his first hospital day he experienced 
several generalized tonic spasms lasting thirty 
to forty-five seconds and characterized by 
twitching of the facial and cervical muscles, 
tightening of the lips, blowing of blood-tinged 
foam from the mouth and general rigidity. Suc- 
tion was used at this time since his mouth could 
be opened about 1 cm. 

Neurologic consultation confirmed the diag- 
nosis of tetanus. On surgical consultation it was 
noted one could get tetanus from a superficial 
crusted area, but that this patient’s leg ulcer 
was not crusted and thus seemed an unlikely 
portal of cntiy'. On dental consultation it was 
noted that the socket appeared to be healing 
satisfactorily. 

By the night of his first day he had received 

120.000 units of antitoxin intravenously and 

20.000 inirathccally. On the morning of his 
second day, while trying to void, he experienced 
tonic contraction of the muscles with increased 
opisthotonos and generalized rigidity lasting 
forty-five seconds. He was catheterized and 700 
cc. of urine were obtained. By his second day he 
had shown some improvement. He could open 
his mouth 1 inch and there \\as a reduced 
amount of temperomasseter spasm following 
forced opening of the mouth. He had a fever of 
101°r. during this time. His leg ulcer had healed 
so that no more than the admission culture was 
obtained. 

By the third day two fingeis could Ije inserted 
into his mouth. He could talk bcttci and could 
fle.x his head slightly on passive motion. The 
opisthotonos had cleared. At the end of the third 
dav he had received 440,000 units of antitoxin 
intravenously. By the end of the fourth day this 
amounted to 520.000 units when the dosage by 
this route was stopped and he was given 5,000 
units intramuscularly daily (or only tlie follow- 
ing tiiree days. By the sixth day he was taking 
a high caloric fluici diet, he could be gatched up 
in lied and he could turn himself in bed without 
asMstance. His tongue was treated with gentian 
\ioIet. On the seventh day he could place his 
chin within two fingers of his sternum. His 
main complaint was of a sore tongue. 

On his tenth and thirteenth days he received 
1,500 units of antitoxin intramu'cularlv which 
ended the course of treatment with, the antitoxin 
Wit!) retiuction in sedation the patient became 
more alert on hi' tenth hospital day. By the 


eleventh day his chin could be moved to the 
sternum and he could feed himself. By the 
thirteenth day he complained only of weakness 
and also of continued soreness of his tongue. 
There was no remaining spasticity of his muscles. 
Reflexes were physiologic and equal but co- 
ordination of the fingers wms poor. He was 
started on physiotherapy. By the fourteenth day 
he was allow’ed up progressively. At this time 
penicillin w'as stopped. From this point on he 
showed both subjective and objective improve- 
ment. His sedimentation rate reached its maxi- 
mum level of 65 mm. on the nineteenth day but 
dropped to 25 mm. at the time of discharge. 

His total tetanus antitoxin dosage had been 

520,000 units intravenously, 23,000 units intra- 
muscularly and 20,000 intrathecally, an over-all 
total of 563,000 units. He experienced no scrum 
sickness. 

Finally on the thirtieth hospital day he was 
discharged to the convalescent home. 

COMMENTS 

Three of Vinnard’s fourteen patients 
admitted to the Charity Hospital were 
initially diagnosed as cases of hysteria, as 
was our patient in the clinic. But in hysteria 
self-traumatization is rarely carried to the 
point of painful laceration of the tongue 

The history, physical findings and course 
of our patient leave no doubt as to the 
diagnosis despite negative cultures. Cultur- 
ing of the tetanus bacillus is often unsuccess- 
ful® ® and ncgativ'c results do not eliminate 
the diagnosis; neither does a negative guinea 
pig test rule out the diagnosis. 

The portal of entry presented a peculiar 
problem. The patient had experienced none 
of the classical traumas associated with 
portals of entry. He had had a leg ulcer 
sccondarj' to varicose veins for thirteen 
month.s. but this had been improving under 
treatment and on admission it appeared as 
a small, shallow, granulating ulcer which 
after bed rest and administration of peni- 
cillin healed within forty-eight hours. ^Ve 
arc left with the historx* of a dental extrac- 
tion nine days before the onset of trismus. 
In our opinion this time relationship is more 
than a mere coincidence since the incuba- 
tion period of si.x to twelve days is the most 
frequently encountered in tetanus.®"''' 
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Although tetanus following dental ex- 
tractions is relatively rare, it has been re- 
ported. Graves^® in his report on 813 cases 
found three following dental extraction. 
Appleton’^ in 1933 found only three other 
cases reported in the literature. 

In this case the portal of entry was the 
tooth socket. It is interesting on two ac- 
counts; First, because such a portal is 
relatively rare; second, because the fact 
that there had been an extraction so 
clouded the clinical picture that the correct 
diagnosis was delayed. 

Treatment was carried out conservatively 
as outlined in recent papers. Tetanus 
antitoxin was given intravenously every six 
hours so that by the fourth day he had 
received 520,000 units. Restlessness and 
tonic convulsions were adequately con- 
trolled by phenobarbital given parenterally. 
Penicillin was given to ward off secondary 
infection, particularly hypostatic and as- 
piration pneumonia, not as therapy specific 
for the tetanus bacillus. There is contro- 
versy as to its specificity, most of the evidence 
pointing toward its being significant only 
against secondary infection. Supportive 
measures were also considered important. 
Parenteral fluids and vitamins were given. 
He was turned frequently. Constipation 
and urinary retention were treated. 

The patient’s respiratory distress was 
controlled by sedation which never reached 
the point of danger so that the use of curare 
was not thought to be warranted. In a 
careful study of the use of curare in tetanus 
Adriani and Ochsner^^ concluded that the 
dosage needed to initiate significant muscu- 
ar relaxation was not adequate until com- 
plete curarization was attained. They found 
t at respiratory depression and obstruction 
Were difficult to avoid. 

SUMMARY 

A case of tetanus is presented. Evidence 
given to support the thesis that the site 
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of a dental extraction was the portal of 
entry. 

Treatment is briefly discussed. 
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Loeffler’s Syndrome with Associated 
Eosinophilic Polyserositis" 

Helen A. Dickie, m.d. and Elizabeth Grimm, M.D.f 
Madison, Ulsconsin Billinas. Montana 


C \sE reports of the syndrome first 
described by Loeffier in 1932 have 
been numerous in European but 
relatively infrequently encountered in the 
British and American literature. The cur- 
rent concept of the pathogenesis of the 
syndrome ascribes it to hypersensitivity and 
suggests that involvement of any tissue may 
be a feature. Because of the apparent rarity 
of associated pcricai'ditis with effusion, this 
case was considered of unusual interest. 

CASE REPORT 

Mr.s. D. S., a thirty-seven year old white 
married housewife, was admitted to the IVis- 
consin General Hospital on April 18, 1947, 
complaining of persistent low grade fever. Her 
illness had begun during a “flu” epidemic four 
weeks prior to admission and consisted of fatigue, 
weakness and anorexia. However, she failed 
to recover as did the rest of the family and be- 
came progressively more dyspncic and orthop- 
ncic. She had drenching night sweats and a 
coueh productive of about one-fourth cup of 
thick while sputum a day. Following a chest 
roentgenogram on .'\pril 7, 1947, she was 
hospitnlircd by her local physician and given a 
course of 1,500,000 units of penicillin. Anti- 
histaminic drugs were also used. In spite of this 
she did not improve. 

Laborators- studies at that time were signifi- 
cant in that with a total count of 11,800 leuko- 
cytes there were 30 per cent ncutrophiles, 28 per 
cent lymphocs'tcs and 42 per cent cosinophilcs. 
The sputum showed no acid-fast bacilli. The 
Mantoux test was nctrative. The roentgenogram 
taken on .-Vpril 15. 1047, showed progression of 
the infiltration in the lungs and she was referred 


to the ^Visconsin General Hospital for further 
study. 

The past medical history included two epi- 
sodes of fever, cough and other symptoms sug- 
gestive of pneumonia. The first occurred at the 
age of nineteen, shortly after the onset of 
symptoms diagnosed as “asthma” and necessi- 
tated two months of bed rc.st. The second, at 
the age of twenty-nine, was more severe and was 
associated with fever, pleurisy and night sweats;. 
After a chest roentgenogram she was told she 
had “galloping consumption.” However, her 
sputum was reported to be negative for tubercle 
bacilli and after three months she recovered 
completely. She also gave a histoiy of chronic 
sinusitis, giant urticaria at limes and frequent 
attacks of asthma, some so severe that she re- 
quired oxygen therapy. She had had nasal 
polyps removed six or seven times. There was 
no known contact with tuberculosis. 

The family history contributed the fact that 
her mother had died of Hodgkin’s disease 
(proved by biopsy) and that her two children 
had asthma and hay fever. 

On phy.sical examination she was small, 
slender, well developed, appeared younger than 
her stated age and looked chronically ill. The 
temperature was 99^., pulse 100 and blood 
pressure 100/76. Pertinent physical findings 
were limited to the chest where increased 
fremitus and breath sounds, and a few post- 
tussive rales in the right upper chest were noted. 

Blood examination showed 12.9 Gm. of hemo- 
globin with 5,200,000 red cells, 11,400 leuko- 
cytes, 37 per cent of which were ncutrophiles, 
16 per cent lymphocytes, 4 per cent monocytes, 
40 per cent cosinophilcs and 3 per cent meta- 
myelocytes. .Another leukocyte count showed a 
total of 11,950 with 45 per cent cosinophilcs. 
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Fig. 1 . Chest roentgenogram April 1 9, 1 947. 


Her sputum showed no tubercle bacilli or fungi 
on smear and culture. A skin test was negative 
with 1 mg. of old tuberculin. Her chest roent- 
genogram showed the heart size to be normal. 
(Fig. 1.) There was a distinct thickening of the 
hilum shadows bilaterally with a nodular ap- 
pearance on the left. There was coarse, stringy, 
infiltrative density radiating out from the left 
hilum into the lung field in the central portion 
and well marked pleural thickening over the 
upper lobe. On the right side there was a 
generalized patchy and conglomerate density 
scattered throughout the lung field. When 
compared with previous roentgenograms it was 
evident that there had been some apical thicken- 
ing and fibrosis in 1943. The pneumonic process 
demonstrated in the 1947 films was present 
chiefly on the right side and underwent con- 
siderable fluctuation with regression and recur- 
rence until the last roentgenogram dated April 
1947. Since that time there had been clearing 
n the consolidation but a spread to the right 
base had occurred. 

^Vhen studied by the Allergy Department 
t ere were no reactions to scratch tests but on 
mtradermal tests there were immediate reactions 
<^0 grass pollen, feathers, wool, orris root, milk 
''^^^olate, and delayed reactions to tree 
po ens, ragweed pollen, molds, rabbit hair, 
louse dust, pork and egg. Bacterial vaccines 
showed large reactions. 
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Fig. 2. Chest roentgenogram June 3, 1947. 


It was believed at this time that the patient 
had Loeffler’s pneumonia and she was dis- 
charged on April 24, 1947, with the recom- 
mendation that contact with the forementioned 
substances be avoided and desensitization to 
house dust, bacterial vaccine and co-seasonal 
pollen be attempted. 

The patient was readmitted on May 22, 1 947, 
complaining of pain in the neck, a change in 
voice and difficulty in swallowing which had 
developed abruptly one week before. The 
following day she developed soreness over the 
precordium and an aching pain in the left arm. 
Usually the pain was increased on motion and 
change of position. The pain radiated to her 
back and at times was so severe that she could 
be comfortable only when sitting up and leaning 
forward. She had been conscious of a more 
rapid heart rate. 

The physical examination revealed an anxious 
but not acutely ill white female who preferred to 
lie on her left side. The temperature was nor- 
mal, pulse rate 134 and blood pressure 90/70. 
The area of cardiac dullness was increased, the 
heart tones were distant and a pericardial fric- 
tion rub was heard. There were scattered 
musical rales throughout the chest. There was 
epigastric tenderness but the liver edge was not 
palpated. No paradoxical pulse could be 
demonstrated. 

Again the eosinophiles varied from 20 to 47 
per cent in a total of 7,650 to 11,500 leukocytes. 


692 Locfflefs Syndrome — Dickie, Grimm 


7'^-Zl 



• ; 


\ » ^ 

_ _ 

If f n i r*'y i j.iDi* fiim i‘^mm ■« ~’ i ff i m nf* i» ' i **^ 1 ■■■! * ii *’ i *i? i» ■ * i T 1^ —“ f 1 i.fi . .fi.^^. -> 0 _ 


( } ? 



Tin 3 ricctrocardiogram 


'I he chest roentgenographic and fluoroscopic 
csnrninaiions confirmed the clinical impression 
of pericardial cfTusion, (Fig. 2.) The electro- 
cardiogram ^^as of the pattern noted in peri- 
carditis. (Fig. 3.) 

T\so diagnostic pericardial aspirations were 
done and 150 cc. of slightly l)iood-tingcd fluid 
\sas remosed on each occasion. Of the 3,000 
leukocstes per cu mm. of this fluid, 69 per cent 
\serc cosinophiles The ers’throc>te count in 
the fluid was 71,000 per cu. mm. Cultures of 
this fluid sscrc netrative on aerobic and anaerobic 
media as well ns for tuljcrcle bacilli. Agglutina- 
tions for B. abortus, B. tularcnsc and B. typhosus 
on this fluid were likewise negative. 

.•\ sputum smear showed numerous eosino- 
pliiies A skin test with coccidioidin was negative 
'1 he chest nventuenogram showed the cardiac 
enlargement consistent with pericardial ef- 
fusion and a small left pleural effusion .-\t this 
time the pulmonars parenchvma was esscntiallv 
normal on the right and consideraiilv less in- 
voked on the left th.in previously. 

On the fifteenth hospital dav the patient had 
a sudden sh.'>rfi pain in tlie Fft calf. This was of 
relativclv short duration and sh’~ did not report 
It until the following d.-'v. .\t that tune there was 



Tic 4. Chest roentgenogram October 6, 1947. 


evidence of venous thrombosis with swelling, 
discoloration and tenderness on pressure over 
the calf and the inner aspect of the left thigli 
She was treated with heparin and then Dicurnnrol 
and the symiptoms subsided promptly. On dis- 
charge from the hospital June 22, 1948, the 
pericardial friction rub had been absent for 
several days and the chest roentgenogram 
showed only slight cardiac enlargement. The 
pulmonary parenchymal densities liad cleared 
almost completely 

On July 10, 1947, she w'as seen as an out- 
patient. Her symptoms were again suggestive 
of recurrent pericarditis. There was no recog- 
nized pericardial rub, but fluoroscopic examina- 
tion showed increase in the size of the cardiac 
silhouette consistent with a small pericardia! 
effusion. In the right upper lung field there were 
scattered densities. The leukocyte count wav 
12,050 with 20 per cent cosinophiles 

In October, 1947, the patient was seen by Dr 
A. M. Olsen of the Mavo Clinic. He wrote that 
sputum cultures were again negative for tuberclt 
bacilli as w'cll as for pathogenic fungi. Tuixrrcn- 
lin, coccidiodin and histoplasmin skin tests wrr< 
all negative. The chest roentgenogram at th u 
time revealed bilateral upper lung field densi- 
ties. The cardiac silhouette was larger than on 
the chest roentgcnogratiiv of April, 1917, hut 
was not diagnostic of pericardial effudon fl ig- 
4.) The left vocal cord was paraly/cd 
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Failure to obtain any symptomatic relief from 
the treatment outlined prompted this patient 
to go to Arizona. A recent report from the 
patient’s referring physician stated that she had 
not improved and was bedridden. 

COMMENT 

This patient had three illnesses which 
were in all probability recurrent episodes 
of Loeffler’s pneumonia. During the first 
two experiences complete resolution oc- 
curred and no residual pulmonary damage 
was evident clinically or by roentgen study. 
In the diird episode, the onset was similar 
and for a period of time the changes were 
limited to the lungs. The changes were 
reversible at this time as evidenced by the 
complete clearing and then recurrence of 
the pai'enchymal infiltrates. The serous 
membrane involvement was evident in the 
pericardium and pleura. The pericardial 
effusion subsided. However, because of 
the subsequent course characterized by 
continued difficulty in breathing without 
asthmatic episodes, it is suggested that 
constrictive pericarditis had developed. 
Unfortunately, we have not had the op- 
portunity of repeating the examination. 
The appearance of thrombophlebitis with- 
out recognized cause leads to the impression 
that it was due to vascular damage from the 
same allergic stimulus. A muscle biopsy was 
not obtained so that morphologic changes in 
blood vessels could not be demonstrated. 

This patient’s course is very similar to that 
of several others reported by Harkovy. His 
report deals with sixteen cases, fifteen of 
which were suffering from typical bronchial 
asthma. The attacks of asthma were accom- 


panied by pulmonary lesions and reactions 
of serous membranes, including pleura, 
pericardium and peritoneum. The fluids 
from these serous cavities were sterile and 
the eosinophile content was very high. The 
peripheral blood showed eosinophilia in 
all cases. Four of the sixteen that came to 
autopsy were characterized by thickening 
of the intima of small vessels, necrotizing 
arteritis, endoarteritis obliterans and fibros- 
ing arteritis in the lungs, serous membranes, 
myocardium and other organs. The variety 
of clinical syndromes presented is explained 
by the number of “shock” tissues that may 
be involved, either by a reversible or irre- 
versible process. The allergic nature of this 
patient’s illness is suggested by the long 
history of bronchial asthma, nasal polyposis, 
urticaria and the allergic state of her two 
children. The eosinophilia in the peripheral 
blood and the pericardial fluid is further 
evidence of the allergic nature of her disease. 

CONCLUSION 

A case of pneumonia associated with peri- 
cardial effusion and venous thrombosis is 
reported. That the various features of this 
patient’s illness were due to hypersensitivity 
is supported by the history of bronchial 
asthma and the discovery of eosinophilia in 
the blood, sputum and pericardial fluid. 
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Kala-azar* 

JVith Special Studies of Bone Marrow and Lymph Nodes 

William J. Senter, m.d., 

Raleigh, North Carolina 

Harold Sutker, m.d. and Hortense Elton Garver 
Atlanta, Georgia 


K ala-azar (visceral leishmaniasis) is 
a tropical disease that was rarely 
seen in this country before World 
War II, only eight cases having been re- 
ported in the United States.^""® It has been 
estimated by Most® that fifty to seventy-five 
cases occurred in American personnel dur- 
ing the recent war. Many more cases may 
manifest themselves during the next few 
years. The disease should be of interest to 
physicians who ctire for veterans, particu- 
larly as there is available specific therapy 
which dramatically alters the high mortality 
rate of untreated patients. 

This report presents an instance of kala- 
azar in a veteran of the North African, 
Sicilian and Italian campaigns. He had 
been treated as a case of malaria for over 
two years before the proper diagnosis was 
established. A detailed study of bone mar- 
row biopsy is included to demonstrate the 
high incidence of parasitized cells in the 
retieuloendothelial system and to empha- 
size the diagnostic value of this procedure. 

CASE REPORT 

W. A. N., a twenty-eight year old white male, 
a World War ii veteran, was admitted to the 
Lawson Veterans Administration Hospital on 
October 27, 1947, complaining of fever, weak- 
ness, distention of the abdomen and weight loss 
of 25 pounds. In July, 1944, while in Southern 
Italy, he developed generalized aching, chills, 
fever and headaches. He was admitted to an 
Army hospital -where malarial parasites were 
said to have been found on blood smear and 


quinine therapy was instituted. His symptoms 
improved and after eight days he tvas dis- 
charged. Two weeks later he returned to the 
hospital with similar complaints. Although re- 
peated examinations for malarial parasites were 
negative, he was given antimalarial therapy 
and improved again, but he continued to run 
a low grade fever after returning to duty. In 
July, 1945, there was a mild reappearance of 
symptoms that did not require treatment or 
hospitalization. He was returned to the United 
States in August of that year and was separated 
from the service. Episodes of malaise, gen- 
eralized aching, chills and fever occurred in 
November, 1945, November, 1946, March, 1947 
and June, 1947. On two occasions he received 
further antimalarial therapy although malarial 
parasites were not demonstrated. During the 
two years before admission he had noted 
progressive weakness and weight loss although 
he maintained a fairly good appetite in periods 
of remission. He first noted dyspnea, pedal 
edema and brownish discoloration of the skin 
(forehead and face) in October, 1946. Several 
months before admission a physician told him 
he had an enlarged spleen. 

The patient appeared chronically ill, with 
evidence of marked weight loss. The abdomen 
was markedly protuberant. The temperature 
was 101°F., pulse 100, respirations 20, and blood 
pressure 130 mm. of mercury systolic and 
80 mm. diastolic. A diffuse brownish pigmenta- 
tion of the forehead and face was noted. There 
was discrete generalized lymphadenopathy. 
The liver and spleen were gready enlarged, 
firm but non-tender, and there was flaring of 
the costal margins. The over-all liver dullness 
in the mid-clavicular line measured 25 cm., the 
splenic dullness in the anterior axillary line 
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18 cm. There was no ascites. Aside from moder- showed 40.5 units and the cephalin-flocculation 

ate pedal edema there were no other significant test was reported as 3 plus in forty-eight hours, 

physical findings. The urinalysis showed a specific gravity of 

Laboratory data were as follows; The red 1 .021 , negative tests for sugar and albumin and 

blood cell count was o.l million per cu. mm. a rare white blood cell in the urinary sediment, 

and the blood hemoglobin concentration was Stool specimens contained Hymenolopsis nana 



Fig. 1. Outline of the temperature, protein studies and leukocyte counts in a 
case of kala-azar. 


8.2 Gm. per 100 cc. The packed red cell volume 
was 30 per cent, the mean corpuscular volume 
96 cubic micra, mean corpuscular hemoglobin 
26 micro micrograms and mean corpuscular 
hemoglobin concentration 27.3 per cent. The 
reticulocyte count was 4.4 per cent. Examination 
of the blood smear showed excessive rouleaux 
formation, anisocytosis and poikilocytosis. The 
white blood cell count was 4,000 per cu. mm., 
with a differential count of 35 per cent meta- 
myelocytes, 31 segmented neutrophils, 29 per 
cent lymphocytes, 4 per cent monocytes and 
per cent eosinophils. Subsequent blood counts 
s owed from 3,000 to 4,000 white blood cells 
With 2 to 8 per cent plasma cells. The coagula- 
tion and bleeding times were normal and the 
prothrombin time matched the normal control 
1 uted to 30 per cent with physiologic saline. 

e blood sedimentation rate was 29 mm. in one 
our (Wintrobe). The blood Kahn was nega- 
agglutination studies for typhoid 
tJ’ and »H,” paratyphoid “A” and “B,” 
rucella, heterophils antibody and Proteus 
'19 were negative. Blood chemistry analy- 
ses included a markedly positive formol gel 
total serum protein of 9.8 Gm. per 
cc. with 7.4 Gm. of globulin and 2.4 Gm. 
° albumin. The thymol turbidity reaction 
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and Trichuris trichiura. The spinal fluid pres- 
sure and dynamics were normal, total protein 
26 mg. per cent, sugar 64 mg. per cent, globulin 
slightly increased, Kolmer-Wassermann nega- 
tive and colloidal gold curve 5554210000. 

Leishmania donovani were demonstrated in 
bone marrow and lymph node biopsies. 

Following the establishment of a diagnosis of 
kala-azar, an intravenous dose of 0.2 Gm. 
ethylstibamine (neostibosan) was administered. 
Thereafter a daily dose of 0.3 Gm. was given 
intravenously for seventeen days (total dosage of 
5.0 Gm.). There was no change in the fever until 
the twelfth day of therapy when the patient’s 
temperature returned to normal. He was given 
a regular hospital diet and no other therapy. 
Subsequent white blood cell counts and blood 
protein studies are shown in Figure 1. The 
patient remained in the hospital for forty-eight 
days. During this time there was a gradual 
improvement and the liver and spleen decreased 
in size. 

In February, 1948, the patient was re-ad- 
mitted with uncomplicated pneumococcal lobar 
pneumonia. At that time the pigmentation on 
his face and forehead had cleared completely. 
The liver and spleen had returned to normal 
size and he had gained 25 pounds in weight. It 
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Fig. 2. Wright’s stained serum spread of bone marrow showing Leishmania donovani engulfed by a 
macrophage. 

Fig. 3. Higher magnification of macrophage in bone marrow containing Leishmania donovani. With 
Wright’s stain the parasites show pale blue cytoplasm, dark purple nucleus and brilliant dot-like 
kinetoplast. Two extracellular parasites appear at upper left. 

Fig. 4. Wright’s stained serum spread of lymph node showing macrophage filled with parasites. 
Fig. 5. Histologic section of lymph node stained with phyloxine-methylene blue showing parasites 
appearing as inclusion bodies in the cytoplcism of a macrophage. 


is of interest to note that he had a leukocytosis 
of 14,650 on this admission. He was discharged 
asymptomatic and appeared^entirely recovered 
when last seen in April, 1948. 

Sternal bone marrow was obtained by surgical 
trephine and aspiration and two lymph nodes 
were removed from the epitrochlear region. 
Serum spreads were prepared from small por- 
tions of the curetted marrow and stained with 
Wright’s stain, Giesma and Papanicolaou’s 
stain. Numerous Leishmania donovani were 
demonstrated in the cytoplasm of macrophages, 
metamyelocytes and occasionally in segmented 
neutrophils in all preparations. (Figs. 2 and 3.) 
It is estimated from the differential and total 
cell counts'” shown in Table i that 22,560 para- 
sitized cells were present per cu. mm. of marrow. 
Smears made from heparinized blood aspirated 
from the marrow showed only a rare parasitized 
cell. Many parasites ^vere found extracellularly 
appearing as small “torpedo” forms. Serum 
spreads, made from scrapings of the cut 
surface of the lymph node and stained with 


Wright’s stain, revealed many parasitized 
macrophages. 

Histologic preparations of bone marrow and 
lymph node were fixed in Zenker’s solution with 
5 per cent acetic acid and stained with phy- 
loxine methylene blue. In the preparations the 
parasites appeared much smaller than in serum 
spreads of the bone marrow but could be 
recognized under oil immersion as small dot- 
like inclusion bodies in the cytoplasm of macro- 
phages. (Figs. 4 and 5.) The bone marrow 
showed generalized hyperplasia of both myeloid 
and erythroid elements. The megakaryocytes 
were markedly increased but only a few ap- 
peared to be producing platelets. This finding 
has been described by Cartwright.'' The most 
striking abnormality was the large number of 
plasma cells (15.8 per cent) and parasitized 
macrophages (3.2 per cent). It is interesting 
that more neutrophils were parasitized than 
macrophages, but in the former the morpholo^’ 
of the parasite was distorted. The differential 
bone marrow count is shown in Table i. 
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Cuiettcd 

Marrow 

Heparin- 

ized 

Sinusoidal 

Blood 


per cu. 

per cu. 

Total niidcatcd cdl count 

mm, 

705,000 

mm. 

14,000 

Myeloid leukocytes 

305,970 


Nucleated erythiocytcs 

177,660 


Macrophages and monocytes . . 

56,400 


Plasma cells . 

111,390 


Lymphocytes 

38,775 


Megakaryocytes 

14,805 


Maciophagcs containing para- 
sites 

705,000 

22,560 


Neutrophils containing para- 
sites 

31,020 


Reticulocytes, per cent 

14 


Erythroid-myeioid ratio 

1 to 1 : 7 



Differential cell count (1,000 
cells); 

R-cticulum cells 

Myeloblasts 

Promyelocytes 

Neutrophilic myelocytes. . . . 
Dosinophilic myelocytes .... 
Neutrophilic juveniles (16 

parasitized) 

Neutrophilic bands (22 

parasitized) 

Neutrophilic segmenters (6 

parasitized) 

Eosinophils 

Monocytes 

Macrophages (32 parasitized). 

Pronormoblasts 

Basophilic normoblasts 

Polychromatophilic 

normoblasts 

Orthochromic normoblasts. . . 

Plasma cells 

Eymphocytes 

Megakaryocytes 

Totals. . . 


No. 

Per 

cent 

Total 

per 

cent 

32 

3.2 


34 

3.4 


59 

5.9 


75 

7.5 


14 

1.4 


114 

11.4 


64 

6.4 


32 

3.2 


10 

1.0 

43.4 

14 

1.4 


66 

6.6 

8.0 

4 

0.4 


83 

8.3 


139 

13.9 


26 

2.6 

25.2 

158 

15.8 

15.8 

55 

5.5 

5.5 

21 

2.1 

2.1 

1,000 cells 

100.0 

100.0 


The architecture of the lymph node had been 
&rgely destroyed and in the section studied 
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Fig. 6. Motile, flagellated forms of the parasite stained 
with brilliant cresyl blue from fourteen-day culture 
on NNN medium. 


only one small germinal center could be identi- 
fied. Numerous plasma cells were present in 
the medullary cords and there were many large 
mononuclear macrophages containing an abun- 
dant eosinophilic cytoplasm. Within the cyto- 
plasm of these cells small basophilic inclusion 
bodies, surrounded by a clear zone, were 
identified. 

Smears of leukocytic cream were examined 
and an extremely rare parasite was found in 
the cytoplasm of segmented neutrophils. 

Cultures on Nicolle-Novy-MacNeal medium^ 
were made from the button of bone marrow, 
curetted marrow, heparinized sinusoidal blood, 
a macerated lymph node and peripheral blood 
drawn immediately following biopsy. Lepto- 
menas forms were demonstrated in all cultures 
from the tenth to the fourteenth day, with the 
exception of peripheral blood cultures which 
remained sterile. (Fig. 6.) 


COMMENT 

Kala-azar is prevalent throughout the 
world’s tropical and sub-tropical zones but 
is most common along the Mediterranean 
Sea, Central Africa, India, Burma and 
China. The etiologic agent is Leishmania 
donovani, a paratozoal organism of the 
family trypanosomidae. This organism can 
be cultured on NNN medium and grows as 
a flagellated protozoa. In the cells of the 
reticuloendothelial system, however, it ap- 
pears as a round, ovoid body measuring 2 
to 5 micra in diameter. 

The phlebotomus sandfly is generally 
considered to be the vector of kala-azar. 
The incubation period varies from a few 
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days to eighteen months. The charae- 
teristics of the disease are chills, fever, gen- 
eralized malaise, pigmentation of the skin, 
enlargement of the liver and spleen, and 
progressive loss of weight. The principal 
laboratory findings are leukopenia and 
hyperglobulinemia. The disease is most fre- 
quently confused with malaria. The high 
remittent fever and splenic enlargement 
common to malaria and kala-azar may 
make a differential diagnosis difficult. 
Many patients suffering from kala-azar 
have received antimalarial treatment on a 
purely empiric basis. 

The diagnosis of kala-azar may be con- 
firmed by the demonstration of the organ- 
ism in bone marrow or lymph nodes by 
smear, culture or hamster inoculation. 
Splenic puncture^® is commonly employed 
in many countries, but is not recommended 
because of the hazards involved.^'*’ The 
rapid formol gel reaction is not diagnostic 
of kala-azar but is an indication of hyper- 
globulinemia which is characteristic of the 
disease. It is of interest that the spinal fiuid 
in this case showed no elevation of total 
protein. 

Our bone marrow studies conform with 
those of Cartwright, Chung and Chang, 
and those of Rachmilewitz, Braun and 
DeVries.^® The high degree of parasitization 
of bone marrow cells is especially striking. 

It is noted that the laboratory findings of 
hyperglobulinemia, plasmatocytosis of the 
bone marrow and excessive rouleau forma- 
tion, considered characteristic of multiple 
myeloma, are found consistently in kala- 
azar. This coincidence of findings is the 
rationale for the treatment of multiple 
myeloma with stilbamidine as recently 
reported by Snapper. 

It is quite possible that many cases of 
kala-azar will be found in veterans who 
served in endemic areas. Confirmatory 
laboratory' tests are not beyond the scope 
of most clinical laboratories. Once the 
diagnosis of kala-azar is proven, the results 
of therapy are gratifying and the prognosis 
changes from a mortality of 90 to 95 per 
cent without treatment to 2 to 5 per cent 
with specific antimony compounds. 


SmtMARY 

This report presents an instance of kala- 
azar occurring in a veteran of the North 
African, Sicilian and Italian campaigns. He 
had been treated as a case of malaria for 
over two years before the proper diagnosis 
was established. A detailed study of a bone 
marrow biopsy is included to demonstrate 
the high incidence of parasitized cells in the 
reticuloendothelial system and to empha- 
size the diagnostic value of this procedure. 
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Editorial 


Infectious Mononucleosis 


F or the third time in this century in- 
fectious mononucleosis is enjoying a 
new peak of attention. It is convenient 
to divide the history of infectious mono- 
nucleosis into four periods. The first period 
was that of clinical description which 
opened in 1885 and ended with the dis- 
covery of the blood changes in 1920. The 
second period, dominated by the hema- 
tologists, lasted from 1920 to 1932 and it 
was during this time that infectious mono- 
nucleosis emerged as a clinical entity 
through the unification of at least three 
poorly defined and independent clinical 
pictures. Pediatricians recognized glandu- 
lar fever, otolaryngorhinologists described 
monocytic angina and other forms of throat 
infection associated with changes in the 
lymphocytes, and internists knew of severe 
febrile illnesses with changes in the lym- 
phatic system and in the blood which at 
times simulated fatal clinical pictures. 
These three disease groups were found to 
have an abnormal blood picture in common 
and studies of this culminated in the classic 
description of the hematology of infectious 
mononucleosis by Downey^ in 1923. By the 
end of the hematologic period infectious 
mononucleosis had been firmly established 
as a clinical entity. The third, or serologic 
period, started in 1932 when Paul and 
unnelp were surprised to find sheep cell 


Downey, H. Acute lymphadenosis compared t 
cute lymphatic leukemia, ii. Hematologic studies. /. 
^/< 32: 82, 1923. 

^ aul, J. r. and Bunnell, W. W. The presenc 
erophile antibodies in infectious mononucleosis. 
J- M. Sc., 183: 90, 1932. 


agglutinins in the serum of a patient .with 
infectious mononucleosis. This additional 
laboratory method, available both for 
diagnosis and investigation, led to the ex- 
tensive serologic studies that characterized 
the third period. In spite of the detailed 
descriptions of the blood cell morphology 
and growing utilization of the serologic 
reactions the problems of epidemiology, 
etiology, pathology and therapy remained 
unsolved. One difficulty was a lack of ade- 
quate knowledge regarding the pathology 
of infectious mononucleosis. The fourth 
period, that of pathologic description, 
opened in 1944. Since then pathologists 
have made three major reports based upon 
excellent autopsy studies. The publications 
of Ziegler,® Allen and Kellner,^ and Custer 
and Smith® are based upon a total of ten 
autopsies. We now know that infectious 
mononucleosis is a generalized disease and 
that there are infiltrations of abnormal 
lymphocytes in almost every organ of the 
body. 

The pathology of infectious mononucleo- 
sis is now clear. The basic lesion is a peri- 
vascular infiltration of both normal and 
abnormal lymphocytes which Custer and 
Smith® found in all tissues that they studied 
except the bone marrow. They believe these 
cells to be metaplastic and to be formed in 
situ from other cells of the reticulo-endo- 

^ Ziegler, E. E. Infectious mononucleosis; report of a 
fatal case with autopsy. Arch. Path., 37: 196, 1944. 

^ Allen, F. H., Jr. and Kellner, A. Infectious mono- 
nucleosis; an autopsy report. Am. J. Path., 23: 463, 1947. 

® Custer, R. P. and Smith, E. B. The pathology of 
infectious mononucleosis. Blood, 3: 830, 1948. 
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thelial system. The cells are not considered 
invasive. The lesion may persist long after 
the patient is judged to be well. ^ This funda- 
mental and characteristic lesion is not at all 
uniform in its distribution throughout the 
body, and in any individual patient may be 
most marked in the central nerv^ous system, 
liver or lungs. The myocardial lesions which 
have been seen are rarely severe enough to 
cause more than transient electrocardio- 
graphic abnormalities; the renal infiltra- 
tions produce an interstitial nephritis but 
are not known to cause permanent disa- 
bility. Alarming symptoms occur when the 
infectious mononucleosis infiltration is pre- 
dominant in the central nervous system, and 
under these circumstances the clinical 
pictures of benign lymphocytic meningitis, 
encephalitis or the Guillain-Barre syndrome 
may be produced. Two fatal instances of the 
Guillain-Barre syndrome caused by infec- 
tious mononucleosis have been studied both 
by Custer and Smith^ and by Ricker, Blum- 
berg, Peters and Widermann.®'^ When the 
infectious mononucleosis lesion is marked in 
the lungs, the clinical and x-ray pictures are 
those of primary atypical pneumonia. Both 
the clinical pictures and the pathologic 
lesions of infectious hepatitis and infectious 
mononucleosis with severe hepatitis can 
hardly be distinguished. Numerous studies 
of liver function have established that almost 
every patient who is ill enough to come to 
the attention of a physician has some degree 
of impairment of liver function.®’® Watson 
and his co-workers® have just reported their 
studies upon twenty-five patients with in- 

' Ricker, \V., Blumberg, A., Peters, C. H. and 
WiDERMAN, A. The association of the Guillain-Barr6 
syndrome with infectious mononucleosis. Blood, 2: 
217, 1947. 

• Peters, C. H., Widerman, A., Blumberg, A. tmd 
Ricker, W. A. Neurologic manifestations of infectious 
mononucleosis, with special reference to the Guillain- 
Barr6 syndrome. Arch. Int. Med., 80: 366, 1947. 

s Brown, J.' \V., Sims, J. LeR., White, E. and Clif- 
ford, J. E. Liver function during infectious mononucleo- 
sis. Am. J. Med., 6: 321, 1949. 

’ Watson, C. J., Hawkins, V., Capps, R. B. and Rap- 
PAPORT, E. M. Studies of coproporphyrin, iv. The per 
diem excretion and isomer distribution in the urine in 
infectious hepatitis, infectious mononucleosis and 
mechanical jaundice. J. Clin. Investigation, 28: 621, 1949. 


fectious mononucleosis and find a significant 
increase in the total urinary coproporphyrin 
excretion. The increase is usually found in 
association with other evidence of func- 
tional impairment of the liver. The splenic 
lesion is characteristic, with lymphocytic 
infiltration and thinning of the capsule and 
dissolution of the trabeculae. Smith and 
Custer*® describe this as a weakening of the 
basic structure of the spleen. The expanding 
splenic volume together with the structural 
weakness is dangerous and leads to oc- 
casional spontaneous rupture in the third 
week of the disease. 

Infectious mononucleosis is one of the 
acute reticulo-endothelioses; almost cer- 
tainly infectious in nature and, from the 
immunologic pattern, it is an infection that 
could hardly be bacterial in nature. So far, 
transmission experiments both with experi- 
mental animals and human volunteers have 
given conflicting results. The etiologic 
agent has not been identified. 

The serologic mechanisms associated with 
infectious mononucleosis and with the sheep 
cell agglutinins usually demonstrable at 
some stage of the disease remain obscure. 
The antibody present in the serum of pa- 
tients with infectious mononucleosis is not a 
true Forssman heterophile antibody.** Re- 
cent work by Schwarzweiss and Tomesik,*' 
based upon the demonstration by Stuart 
and his co-workers*®’ *■* of a thermostable 
heterogenetic antigen in beef erythrocytes, 
has resulted in the isolation of a hetero- 
genetic “mononucleosis antigen” from the 

Smith, E. B. and Custer, R. P. Rupture of the 
spleen in infectious mononucleosis. Blood, 1: 317, 1946. 

“ Bailey, G. H. and Raffel, S. Hemolytic antibodies 
for sheep and ox erythrocytes in infectious mononucleo- 
sis. J. Clin. Investigation, 24: 288, 1935. 

'-Schwarzweiss, H. and Tomcsik, J. Isolation of the 
heterogenetic “mononucleosis antigen” from the stroma 
of beef erythrocytes. Proc. Soc. Exper. Biol. & Med., 69: 
558, 1948. 

Stuart, C. A., Griffin, A. M., Fulton, M. and 
Anderson, E. G. E. The nature of the antibodies for 
sheep cells in infectious mononucleosis. Proc. Soc. Exper. 
Biol. & Med., 34: 209, 1936. 

“ Stuart, C. A., Grifhn, A. M., Wheeler, K. M. 
and Battey, S. A thermostable antigen in beef-cells. 
Proc. Soc. Exper. Biol. & Med., 34: 212, 1936. 
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stroma of beef erythrocytes.^^ This antigen 
which is alcohol-soluble and heat-stable 
resists digestion by pepsin and inhibits the 
sheep cell agglutination by infectious mono- 
nucleosis serum in dilutions as great as 
1:2,400,000. It can be separated from the 
serum sickness antigen also present in beef 
red blood cells. This significant advance 
may, in time, improve our understanding 
of the Paul-Bunnell test. 

Hitherto the disease has been underesti- 
mated, both in regard to its total effect upon 
young population groups and in its poten- 
tial harm to the individual patient. Physi- 
cians who deal with military and student 
populations are well aware of the significant 
amount of lost time. Even when the disease 
is mild there are frequently prolonged 
periods of disability. The incidence seems 
to be- increasing, perhaps as a result of in- 
creasing population density and of the 
population shifts of World War ii. A similar 
increase in frequency occurred in England 
and in the United States following World 
War I. 

Serologic and hematologic surveys made 
during epidemics have indicated that there 
may well be an enormous number of sub- 
clinical infections underlying the visible 
epidemiologic pattern of infectious mono- 
nucleosis. A carrier state is not impossible. 
As with diseases known to be caused by 
viruses, it is possible that infectious mono- 
nucleosis changes its character from time to 
time. Thus in the British epidemic of 1930 
almost every patient had a skin rash but 

ScHvvARzwEiss, H. and Tomcsik, J. Uber das 
P ysikalisch-chemische Verhalten der Antigen in Ham- 
meWutstromata. Schweiz. Arch./. Path. u. Bakt., 11: 446, 

^ Tomcsik, J. and Schwarzweiss, H. Nature of the 
eterogenetic hapten reacting with hemagglutinins in 
hoirae serum sickness. Proc. Soc. Exbn. Biol. & Med., 69; 
562, 1948. 
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jaundice was not recorded. By 1935 to 1936 
the picture had changed in England; the 
rash was seen less frequently and jaundice 
was relatively common. The hepatic, pul- 
monary and central nervous system mani- 
festations of infectious mononucleosis, which 
are so evident at this time, may represent 
other changes in the potentialities of the 
unknown infectious agent. The evident 
danger to the community and to the indi- 
vidual makes necessary a more energetic 
attack upon the problems of etiology and 
forces us to consider the publie health 
aspects more closely. 

The treatment of infectious mononucleo- 
sis remains symptomatic and unsatisfactory. 
Bower has had excellent therapeutic 
response in patients who were given gamma 
globlin. Evans^® has recently reported a 
two-fold increase in the beta and gamma 
globulin of the blood in patients convales- 
cent from infectious mononucleosis. Both of 
these observations will undoubtedly receive 
considerable further study. Patients should 
have some type of dietary management for 
their ever present hepatitis. When the 
disease has been marked by jaundice, it is 
probable that physical activity should be 
eontrolled during convalescence as it is with 
infectious hepatitis. 

Infectious mononucleosis is no longer 
properly regarded as a diagnostic curiosity 
or as a benign and unimportant disorder. 
The disease always impairs vital organs, 
frequently incapacitates and occasionally 
kills. 

George H. Houck, m.d. 

Bower, A. G. Infectious mononucleosis. Arizona 
Med., 6: 17, 1949. 

Bower, A. G., Affeldt, J. E. and West, H. The 
treatment of the anginose type of infectious mono- 
nucleosis with gamma globulin. J. Pediat., 35: 58, 1949. 

Evans, A. S. Liver involvement in infectious mono- 
nucleosis. J. Clin. Investigation, 27: 106, 1948. 
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T he reports of other investigators*’^ 
indicate that radioactive iodine 
can be used effectively in the treat- 
ment of thyrotoxicosis. In most of the early 
studies radioiodine with a half-life of twelve 
hours (I*®“) was used but with the availa- 

Table 1 

TYPE OF 111 PATIENTS TREATED 


No of 

Disease Patients 

Thyrotoxicosis 106 

Non-toxic nodular goiter 3 

Malignant adenoma 2 


bility at low cost of isotope with a half-life 
of eight days (I*®*) from Oak Ridge, Ten- 
nessee, the use of the latter has become more 
practical. We have treated 111 patients with 
radioiodine, chiefly and are reporting 
our results in this paper. Many factors con- 
cerned in tire effectiveness of radioiodo- 
therapeusis and the selection of optimal 
doses are discussed in the succeeding paper.’ 

TYPES OF patients TREATED 

With the exception of one subject with a 
thymcrgastic reaction all of the th)Totoxic 
individuals who sought treatment during 
the period from December, 1 946, to Decem- 
ber, 1947, were treated with radioiodine. 
As shown in Table i there were 106 of these. 
Three received P” and 103 received P’*. 
In six of the 103 patients treatment was 
begun only in the last three months so they 
are omitted from discussion. Five patients 


had no evidence of thyrotoxicosis at the 
time of radioiodotherapeusis; three had non- 
toxic nodular goiter and two had malignant 
adenoma. 

Of the ninety-seven patients who received 
P’*, ninety-three (Table ii) had previously 

Table ii 

PREVIOUS TREATMENT OF NINETX’-SEVEN PATIENTS 



No 

Subtotal thyroidectomy 

21 

Thiouracil* treatment 

93 

0-4 months 

35 

4-8 months 

18 

8-16 months 

30 

16-24 months 

10 

* The term “thiouracil” 

IS used to include not only 


the parent compound but also its derivatives With feu 
exceptions, however, it refers to 2-thiouracil and 6 n- 
propylthiouracil 

been treated with one of the thiouracils; 
fifty-six of these had received such therapy 
for four months or longer. However, radio- 
iodine was never given immediately after a 
long course of one of the thiouracils. Some 
of the patients had had serious toxic reac- 
tions to thiouracils and a few had had unto- 
ward reactions to iodide. Twenty-one had 
undergone one or more subtotal thyroid- 
ectomies;! further operative care would 
have been difficult in a few individuals. 

Of the seventy-six individuals not previ- 

t In the presentation of data we have considered in a 
separate class patients who had been previously thy- 
roidectomized because of greater difficulties in evaluat- 
ing the characteristics of the thyroid glands and because 
of a possible difference in their response 


* From the Thorndike Memoritil Laboratory, Second and Fourth Medical Services (Harvard), Boston City 
Hospital, and the Department of Medicine, Harv'ard Medical School, Boston, Mass , and from the Department of 
Medicine, University of Washington, Seattle, Wash 

t Research Fellow aided by the Commonuealth Fund. 
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ously operated upon twenty-two had a 
nodular goiter* and fifty-four had diffuse 
hyperplasia of the thyroid. There were 
essentially the same number of cases with 
mild, moderate and severe disease. (Table 
III.) The ages of the patients (Table iv) 
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provided the isotope. Prior to its ingestion 
by the patient the stock solution was diluted 
with distilled water so that 10 ml. contained 
1 me.* In the majority of patients 0.3 to 
0.5 mg. of potassium iodide was employed 
as a carrier. On eleven occasions 50 mg. of 


Table hi 

SEVERITY OF THTOOTOXICOSIS 

No. 


Mild 32 

Moderate 33 

Severe 32 


ranged from fifteen to seventy years. There 
were twice as many females as males. 

At the time radioiodine was given 
several of the patients had congestive heart 
failure, one was suffering from acute 
glomerular nephritis and another had 
chronic pyelonephritis. Three individuals 
had had acute hepatitis within a few 
months prior to therapy. One patient 
received a single dose of during the 
first two months of her pregnancy. 


PLAN OF THERAPY 

Before each patient was given radioiodine 
the degree of thyrotoxicity was evaluated 
clinically and by means of determinations 
of the basal metabolic rate. Special atten- 
tion was given to the type and duration of 
previous therapy and to the size,t con- 
figuration and consistency of the thyroid. 
The characteristics of the gland together 
with the clinical status of the patient proved 
ultimately to be the most useful criteria in 
selecting the initial dose of radioiodine and 
in establishing the need for subsequent 
administration of isotope. 

All psi obtained from Oak Ridge 
and the radioactivity of the isotope at the 
time of its administration was based upon 
t e standards of the laboratories! which 


g apply the term “nodular goiter” only vvh 

re o the impression that circumscribed noduh 
present. 

each visit of the patient specific estin 
. .. of the size of the gland. It is believec 

is actory evaluations can be made in most c 
7n 'vhen the gland is less than approxin 
(see Appendix). 

Pr. Clinton Laboratories of the Monsanto Che 
Oak Ridge, Tenn. 
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Table iv 

AGE AND SEX DISTRIBUTION OF NINETY-SEVEN 
PATIENTS 


Age Decade 

No. of Patients 

11-20, 

5 

21-30. . . 

21 

31-40. 

19 

41-50. 

23 

51-60. 

. . 20 

61-70. 

9 

Male. . . . 

33 

Female. 

64 


this compound were given; fifteen patients 
received 2 Gm. of sodium bromide with 
the 

Of cour.se, the selection of dosage was the 
greatest problem; many aspects of this are 
presented in the succeeding paper.® Initially 
we attempted to ascertain how much of the 
radioiodine was stored in the thyroid gland 
following tracer (100 juc) or therapeutic 
doses. Among the methods used were epi- 
thyroid counts; early, medium and late 
changes in the total and protein-bound 
radioiodine concentration of the serum; 
urine excretion studies and combinations 
of these. However, we soon found, as pre- 
sented in the next paper,® that none of these 
methods was a very accurate indicator of 
the dosage that would be required ulti- 
mately. Early we adopted the policy, which 
was explained to each patient, that it was 
much easier to give one or more additional 
doses than to treat a myxedematous state 
that might result from larger doses. There- 
fore, we attempted to give the very minimal 

* Upon arrival of a consignment of i^’^, usually 75 to 
100 me., it was moved promptly to a special laboratory 
where the dilution was accomplished with minimal 
exposure. The stock solution was kept in an enclosure 
of two-inch lead bricks. Essentially all of the isotope was 
dispensed on the day of its arrival and the return of the 
patients to widely separated communities lessened the 
concentration of radioactive material in a confined 
region. Dental roentgen-film badges were worn by all 
personnel who worked with the stock solution. Random 
monitory counts throughout the laboratory showed 
minimal contamination. 
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Table v 

ADJUNCTIVE THERAPY 


Treatment 

I 

j No. of Patients 

No. of 
Treat- 
ments 

No 

Treat- 

ment 

Treat- 

ment 

Thiouracil Pre-I * . . . . 

24 

73 

112 

KI Carrier. . 

3 

94 

199 

K.I Post-1*. 

46 

51 

77 


* This therapy was given for a few weeks preceding 
the radioiodotherapeusis, usually being discontinued 
three or four days before the latter. It is not to be con- 
fused with the thiouracil therapy given for four months 
or longer to fifty-six patients. The latter was discontinued 
at least one month before the isotope treatment. 


quantity which we decided might be neces- 
sary. In most patients the initial dose was 
from 3 to 7 me. 

In our initial experiences with radioiodo- 
therapeusis it was found that three patients 
who were treated with nothing but radio- 
iodine experienced an exacerbation in 
thyrotoxicity of the nature of a thyroid 
storm. This was prevented in subsequent 
patients by using propylthiouracil, usually 
from 200 to 300 mg. daily, for a few weeks 
before the radioiodine, discontinuing its 
use approximately four days before the 
latter. In many cases additional aid was 
afforded by the administration of potassium 
iodide, 3 drops twice daily for five days, 
beginning the day after the radioiodinc. 
In Table v is presented the number of times 


Table vi 

EFFECT OF DURATION OF PREVIOUS TREATMENT WITH THIOURACILS UPON DOSAGE OF RADIOIODINE 


REQUIRED TO PRODUCE REMISSION WITHIN SIX MONTHS IN PATIENTS WITH DIFFUSELY HYPERPLASTIC 

GOITERS 

(none HAD BEEN OPERATED UPON') 


Thiouracils (months administered) 


0 

0-4 

4-8 

8-16 

16-24 


R 

6-11 3 

4.5-16 

5-12 

3 5-16 5 

2-11 

Total me. 

M 

8 4 

9.1 

8.4 

7 1 

6 4 


SD 

2 6 

4.2 

2 1 

3.5 

3 9 


R 

1-3 

1-4 

1-3 

1-4 


Number of doses 

M 

1 7 

2 3 

1 7 



1 

SD 

1 0 

1 

0.9 

1 

0 7 

i^« 


pc/Gm. th>Toid 

R 

150-177 

112-400 

155-300 

133-366 

66-275 

! 

M 

164 

251 

233 * 

221 

174 


SD 

13 5 

93 5 

1 57 2 

81 4 

91 2 


R 

75-88 

56-100 

50-150 


KI 

fic./Gra. thyroid/month* 

M 

82 

82 

86 


OH 


SD 

6 6 

13 2 

34 5 


17 ! 


R 

150-177 

182-266 

120-280 

100-200 

120-170 

fic./Gm. combined weights of thyroid* 

M 

164 

210 

172 

149 

145 


SD 

i 13 5 

29.0 

64 8 

43.3 

35.4 


1 R 

1-2 

2-6 

1-3 

1-4 

1-5 

Months before remission 

M 

1 7 

3 3 

2 3 

2 3 

2 2 


SD 

0 6 

1 0 

0 9 

1 5 

1 9 

No. of Patients 

■ 

3 

12 

8 

15 

4 


R = range 
M = median 
SD = standard deviation 

* For a discussion of these calculations, see footnote in tc.xt. In calculating pc./Gm. thyroid/month onl> the 
quantity of isotope used per month in the first six months was included. 
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that propylthiouracil and potassium iodide 
were used in conjunction with the radio- 
iodine therapy. 

Six patients were hospitalized at the time 
radioiodine was given; the remainder were 
followed quite satisfactorily through their 
periodic visits to the laboratory. Ordinarily 
patients were seen during the first week 

Table vii 

COMPARISON OF DOSAGES OF RADIOIODINE USED TO PRODUCE 
REMISSION IN SIX MONTHS IN PATIENTS PREVIOUSLY TREATED 
WITH THIOURACILS FOR LESS THAN FOUR MONTHS* 
WITH THOSE REQUIRED FOR PATIENTS WHO HAD 
NODULAR GOITER OR WHO HAD PREVTOUSLY 


HAD THYROIDECTOMY 


Group 


Diffuse 

Goiter 

Thy- 

roidec- 

tomy 

Previ- 

ously 

Nodu- 

lar 

Goiter 


i 

R 

1 

4.5-16 

4-11 

4-36 

Total dose me. 

M 

9.1 

7.7 

14.7 


SD 

4.21 

2.38 

11.3 


R 

1-4 

1-2 

2-5 

Number doses 

M 

2.3 

1.5 

2.4 


SD 

0.9 

0.17 

1 

1.5 


R 

112-400 

133-296 

160-319 

fic./Gm. thyroid 

M 

251 

197 

216 


SD 

93.5 

1 

58.9 

59.9 

I'C./Gm. thyroid/ 

R 

56-100 

34-125 

40-100 

month f 

M 

82 

73 

66 


SD 

13.2 

34.3 

18.8 

iic./Gm. combined 

R 

166-230 

88-153 

89-131 

weights of thyroid f 

M 

210 

no 

115 * 


SD 

29 

29.4 

15.4 

Months before 

R 

2-6 

1-4 

1-5 

remission 

M 

3.3 

2.0 

3.3 


SD 

0.96 

1.17 

1.6 

No. of patients 


12 

8 

13 


- R = range 
M = median 

~ standard deviation 

, Only those patients treated with thiouracil for less 
an four months are included in this analysis; treatment 
intervals is more likely to influence the results. 

T or a discussion of these calculations, see footnote in 
text. 

^ter receiving the isotope and then at 
intervals of two weeks throughout the first 
fivo and a half months. Up to -the sixth 
December, 1949 
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month the patients were seen once a month 
and at bimonthly intervals thereafter. It 
was necessary to follow some patients much 
more closely than this. 

RESULTS OF THERAPY 

Ninety-two of ninety-seven thyrotoxic 
patients treated with experienced a 


Table vm 

DURATION OF SUSTAINED REMISSIONS 


Months 

Diffuse 

Hyperplasia 

Thyroid- 

ectomy 

Nodular 

Goiter 

1-4 

7 


4 

4-7 

6 

2 

1 

7-10 

24 

7 

10 

10-13 

14 

9 

3 

13-16 

3 

2 



sustained remission* of thyrotoxicosis; mild 
hyperthyroidism persisted in five; persistent 
myxedema developed in three. 

1. Sustained Remissions. 1. Interval Preced- 
ing Onset; Duration: In eighty-three subjects 
(86 per cent) remissions with sustained 
euthyroidism were observed within six 
months following initial therapy with radio- 
iodine. Six patients who exhibited evidences 
of thyrotoxicosis six months after their 
initial treatment subsequently became eu- 
thyroid. The duration of previous thiouracil 
therapy had no significant effect upon the 
promptness of those responses which occur- 
red within the six-month period in patients 
with diffuse hyperplastic goiters. (Table vi.) 
The median values of the duration of the 
intervals between the initial I^®^ treatment 
and the establishment of remissions in pa- 
tients treated with thiouracil for less than 
four months were as follows: 3.3 months in 
patients with diffusely hyperplastic goiters; 
and 2.0 months in patients who had previ- 
ously undergone thyroidectomy. (Table 
VII.) Although the response to radioiodine 
was somewhat more prompt in the last 
group, the differences are not statistically 
significant. The duration of remissions thus 

* “Sustained remission” is applied to patients who 
have become euthyroid and have remained so for more 
than one month. 
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far is shown in Table vni. The degree of 
permanency of the remissions must await 
more prolonged observations. One of the 
five patients who did not have a remission 
disappeared from observation after only one 
dose had been given. Some additional data 


Table ix 

TOTAL NUMBER OF DOSES OF RADIOIODINE 


j 

No. Doses 1 

1 

No. of Patients 1 
with Sustained | 
Remission 

No. of Patients 
without Sustained 
Remission 

1 

32 

1 

2 

28 


3 

21 

1 

4 

7 


5 

3 

1 

6 


2 

7 1 

1 

1 



RESPONSE TO ONE DOSE OF I* 


Fig. 1. None of the patients included in this plot had 
received radioiodine previously. Each individual c.x- 
pcricnccd a remission following one dose of the isotope 
which has been maintained subsequently; none de- 
veloped myxedema. 

in the case are given in Figure 6 of the suc- 
ceeding paper.’ The thyroid glands of each 
of the other four have decreased to a normal 
or subnormal size and it is believed that 
none will require more than a small amount 
of additional therapy, if any. 

2. Dosage oj Radioiodine: A total of 222 
doses was given to ninety-seven patients, an 
average of 2.2 doses per subject. (Table ix.) 


In thirty-two individuals only one dose, 2 
to 8 me. was required to produce a sus- 
tained remission, the average being 5.3 me. 
The decrease in the basal metabolic rate 
in a representative group of these patients 
is shown in Figure 1. Some individuals re- 


Table x 

TOTAL DOSAGE OF RADIOIODINE ADMINISTERED BEFORE 
sustained REMISSION OCCURRED 


Total 
Dosage i 
me. 

No. of Patients wth Sustained Remission 

Within Six 
Months 

After Six 
Months 

None 

2 

1 



3 

2 



4 

D 

1 


5 

9 i 



6 

10 



7 

9 


3 

8 

5 



9 

6 

i 


10 

5 

1 


11 

6 



12 

3 


1 

13 

4 



14 

2 

2 


15 

2 

1 

1 

16 

2 


1 

18 


1 

1 

20 

1 

1 

i 

21 


1 

1 

25 

2 

I 


27 



1 

30 

1 



36 

2 




qPired several doses before a remission was 
produced. (Fig. 2.) 

As shown in Table vi and discussed in 
the following paper,’ the duration of previ- 
ous therapy with thiouracil did not exert a 
statistically significant effect on the quantity 
of radioiodine required; however, experi- 
ences with individual patients make us 
entertain the possibility. This group of 
patients was given an average of approxi- 
mately 8 me. divided into two doses. 
Patients who had been previously thy- 
roidectomized also required approximately 
8 me. 

The largest doses were given to the 
twenty-two subjects with toxic nodular 
goiters; each individual received an average 
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of about 14 me. Each of two such patients 
was given a total of 36 me. divided in the 
manner indicated in Figure 3. Doses equal 
to twice '..the amount needed to produce 
myxedema in some patients with diffuse 
toxie goiter were tolerated with relative 
impunity in certain subjects with toxic 
nodular goiter. Some of the patients were 
much more refractory than others (Table x) 
irrespective of whether the gland was nodu- 
lar; fourteen required more than tliree 
doses and one required seven. As discussed 
in the next paper, many factors are con- 
cerned in determining the dosage of radio- 
iodine required. Two important factors are 
the characteristics of the thyroid gland and 
the interval between treatments.* These 
factors are partially considered in Tables vi 
and VII. Approximately 225 /re. of radio- 
iodine per Gm. of thyroid weight was 
required to produce remission. When calcu- 
lated in the manner described in the foot- 



millicuries of radioiodine administered. Note that the 
decrease in basal metabolic rate was fairly precipitous 
once an adequate dose had been given. 



Fig. 3. Note that a large amount of radioiodine was required before these patients with large nodular 
goiter experienced a remission of their thyrotoxicity. In each case the size of the goiter decreased to 
some extent and thereafter showed little change in spite of the large doses of radioiodine. It rnay be 
observed that patient Big. received 1 8 me. after reaching a state of euthyroidism, without significant 
effect upon the metabolic rate. 

December, 1949 
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note* around 75 /ic./Gm. thyroid /month 
Wcis used. The patients with diffuse goiter 
required more;uc. /Gm. of combined weights 
of thyroid (Tables vi and vn) than did 
those with nodular goiter and the patients 
who had been thyroidectomized previously. 


in Figures 4 and 5. It can be observed in 
one instance (Fig. 5) that there was a transi- 
ent remission after 10 me. were administered 
but 17 me. given in the next seven months 
failed to produce another remission. On 
the other hand, one patient (Fig. 4) experi- 



REBOUND iN RESPONSE TO I* 



Fig. 4. Note the marked decrease in the size of the goiters. With the relapses in thyrotoxicity only slight increases 
in thyroid size occurred. Note that the second and third remissions occurred with successively smaller doses; this, 
however, has not been true in certain other cases. 

Fig. 5. In the two top charts the subnormal response in metabolic rate in eight patients is shown. The maximal 
decrease occurred between two and four months after radioiodotherapy; within approximately six months the 
range had become normal. None of these patients has developed thyrotoxicosis subsequently. The lower graph 
demonstrates how the metabolic rate may be temporarily normal but increase thereafter to a degree sufficient to 
require more therapy. 


11. Complete Transient Remissions and Transi- 
ent Hypothyroidism. Some of the patients 
developed complete remissions that were 
only of short duration as exemplified by the 
response in the basal metabolic rate, shown 

* The following example is given as an indication for 
considering the amount of treatment given per month. 
A patient with a gland weighing 50 Gm. might experi- 
ence a remission if 8 me. were given as an initial dose, 
whereas th>TOtoxicity would be likely to persist if 4 me. 
were given initially and 4 me. two months later. Thus 
the time factor must be considered. Since it takes about 
two months or longer for the maximal clinical effect 
to be exerted, we have empirically used this interval 
for convenience as the average interval needed for 
evaluating the action of each dose. Most of the injurious 
effect of the isotope would occur in the first four weeks. 
However, additional time is required for the inactivation 
of hormone that had been manufactured previously. 

The patient, mentioned above, who was given 8 me. 


enced his first remission after 11 me., the 
second after 5 me. and the third after 2 me. 
A third subject (Fig. 4) experienced no 
response after 5 me. but a short remission 
was induced after an additional 4 me. 

in one dose received 80 /iC./Gm./mo.; if given 4 me. in 
each of two doses he would have received 40 pc./Gm./ 
mo. Since this ealculation fails to take into consideration 
the amount of decrease in the size of the gland which 
occurred between the first and second treatments, 
another calculation was made, ^c. I*/Gm. “combined’ 
thjToid weight. Applying this calculation to the above 
example, the two doses would be added together and 
the initial thyToid weight would be added to the weight 
estimated immediately preceding the second dose. If the 
latter was 30 Gm., by dividing the sum of the millicurics 
by the sum of thyToid weights, the average /jc. I */Gm. 
combined thyroid weight (or average thyroid weight) 
is obtained. In addition to the foregoing calculations 
the /ic. I */Gm. of thyToid was determined for each dose. 
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Following 5 me. the patient developed a 
complete remission which has persisted for 
eight months. 

As a consequence of treatment with 
one patient developed transient hypothy- 
roidism which, however, was of such long 
duration as to merit further discussion; 

This patient (Lac.) first began treatment of 
moderately severe thyrotoxicosis in 1944 at the 
age of twenty-seven. She took thiouracil con- 
tinuously for nine months but promptly relapsed 
after cessation of therapy. Thiou^'acil therapy 
was again instituted for a period of ten months 
and again there was a reappearance of thyro- 
toxicosis after the drug was withdrawn and the 
BMR rose to plus 20 per cent. The estimated 
weight of the thyroid at this time was approxi- 
mately 25 Gm. The patient was given 4 me. of 
under these circumstances; t\vo months 
thereafter the BMR was minus 13 and one 
month later was minus 29. The patient took 
desiccated thyroid intermittently throughout 
the next eight months. She has now received no 
thyroid medication for four months, is clinically 
in a euthyroid state and the metabolic rate is 
minus 9 per cent. She is in the third month of 
pregnancy. 

There were fifteen other patients who 
developed significant temporary hypothy- 
roidism which lasted for one to six months. 
Five of them were given desiccated thyroid 
for intervals of two to eight weeks but it has 
not been necessary for any of them to take 
this therapy for the last three months, with 
the exception of one patient with severe 
acute pituitarigenic ophthalmopathy. The 
latter patient did not have evidence of 
myxedema while not receiving thyroid for 
six weeks. 

lU. Complications of Therapy. 1. Persist- 
ent Myxedema: Only three patients developed 
lasting myxedema subsequent to the ad- 
niinistration of As this constituted 
the only significant complication of such 
therapy, the pertinent points in each case 
are given in some detail: 

Patient Sa.: When first seen in 1943 this man, 
aged fifty-two, had severe thyrotoxicosis with a 
goiter estimated as weighing 60 Gm. He was 
treated continuously with thiouracil for_^ nine- 
teen months and after the first month remained 
December, 1949 
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in remission throughout this period. However, 
by the sixteenth month of therapy the goiter had 
increased to 130 Gm.; during an interval of 
three months, 2,000 roentgen units were given 
over each lobe of the thyroid and the gland 
decreased to about 90 Gm. Thereafter he 
received several courses of therapy in the follow- 
ing order: methylthiouracil, potassium iodide, 
butylthiouracil and propylthiouracil. Therapy 
was interrupted after each course and thyro- 
toxicosis reappeared within a few weeks. Thirty 
months after the completion of roentgen therapy 
the thyroid had decreased to a weight of about 
35 Gm., but three months after the cessation of 
all antithyroid therapy the metabolic rate was 
plus 43 per cent. At this time he was given 5 me. 
of with 0.3 mg. of potassium iodide and no 
other therapy. Two months later the BMR was 
minus 10 per cent; a month thereafter, minus 
3 per cent and six months after receiving it 
had fallen to minus 44 per cent. At this time no 
thyroid tissue was palpable and the patient 
presented a clinical picture typical of myxedema. 
During the past six months he has required 
continuous therapy with desiccated thyroid. 

Patient Buc.: A female patient, aged twenty- 
seven, was found to have thyrotoxicosis in 1934 
and therapy Mth thiouracil was instituted and 
continued for a period of eighteen months; dur- 
ing the last seventeen months of this period she 
was free of thyrotoxicosis. However, two months 
after the cessation of therapy thyrotoxicosis 
recurred. Thiouracil treatment was resumed for 
a period of three months and subtotal thyroid- 
ectomy was performed. Eleven months later 
there was a return of symptoms of hyperthyroid- 
ism and the basal metabolic rate was found to 
be plus 19 per cent. At this time she was given 
5 me. of radioactive iodine. Within six weeks the 
goiter and evidences of thyrotoxicosis disap- 
peared and the basal metabolic rate was minus 
14 per cent; -within four months the patient 
became typically myxedematous and the metab- 
olic rate had fallen to minus 35 per cent. 
Replacement therapy with desiccated thyroid 
was begun and has been continued to date, a 
period of about six months. 

Patient Cl.: A housewife, aged thirty-four, 
had had a subtotal thyroidectomy in 1934 at the 
age of thirty-one. In 1944 thyrotoxicosis reap- 
peared and she was treated with thiouracil for a 
period of nine months but a relapse followed 
cessation of therapy. Potassium iodide was then 
given for a period of six months but failed to 
control her disease and was supplanted by 
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propylthiouracil for a period of fourteen months. 
Withdrawal of the latter therapy was followed 
by a recrudescence of thyrotoxicosis and the 
basal metabolic rate rose to plus 23 per cent, 
although the estimated weight of the thyroid 
was only 15 Gm. At this time the patient re- 



Fig. 6. Note the increase in the metabolic rate and 
gland size follotsing radioiodine. The decrease in gland 
size preceded the decretise in metabolic rate. This 
patient received no specific therapy before or after the 
radioiodine. 

ceived 4 me. of Seven weeks thereafter the 
pulse rate was 120 per minute, there was a 
moderate amount of sweating and tremor and 
the metabolic rate was plus 19 per cent; an 
additional 3 me. of radioiodine were given at 
this time. Two months after the second dose of 
P®* overt myxedema tvas apparent and the basal 
metabolic rate was minus 27 per cent. To date 
the patient has been maintained on desiccated 
thyroid for a period of eight months. 

The complications in the foregoing tliree 
patients were encountered relatively early 
in this study and occurred among patients 
who had previously been subjected to pro- 
longed antith)Toid tlierapy, th^Toidectomy 
or roentgen therapy or a combination 
thereof. Under these circumstances it is 
frequently difficult to ascertain the requisite 
dose of isotope and subsequent experience 
suggests the use of relatively small doses in 
the treatment of patients who have had 
prolonged antith^Toid therapy or in whom 
only a slight regrowth of tissue has occurred 
after th'^Toidcctomy. Therefore, in the treat- 
ment of patients similar to Sa. and Buc., an 


initial dose of 3 to 4 me. is now preferred 
over the 5 me. which both individuals re- 
ceived. However, it must be emphasized 
that other patients with very similar clinical 
courses received as much or more therapy 
without the development of persistent myxe- 
dema. It appears quite likely that Cl. 
received the second dose of prematurely; 
an interval of at least ten weeks after the 
initial dose would have afforded a greater 
margin of safety. 

It is noteworthy that eight of the patients 
who developed transient hypothyroidism 
and two of those who developed myxedema 
had previously experienced subtotal thy- 
roidectomy for the removal of a diffusely 
hyperplastic thyroid. On the other hand, 
no patient with a nodular goiter developed 
transient hypothyroidism or myxedema. 

2. Immediate Undesirable Effects: During 
the first five days after the administration 
of I^®^ an occasional patient complained of 
mild headache, anorexia, nausea and ma- 
laise. These symptoms apparently did not 
depend upon the effects of radioiodine upon 
the thyroid. Among the patients whose 
thyrotoxicosis was associated with con- 
gestive heart failure, acute glomerular 
nephritis or chronic pyelonephritis there 
were no ill effects related to the complicat- 
ing disease. The three patients who had had 
severe hepatitis apparently suffered no 
deleterious effects from and the woman 
who received radioiodine during the first 
two months of pregnancy gave birth to a 
normal baby. , 

Three patients developed a very distinct, 
and several others a milder, exacerbation 
in the severity of thyrotoxicosis within the 
first week after the administration of P^k 
The more severe reaction may be illustrated 
by the following case: 

A Chinese girl, aged twenty-three, had moder- 
ately severe thyrotoxicosis and the diffusely en- 
larged thyroid ^v•eighed approximately 65 Gm. 
The basal metabolic rate was plus 48 per cent 
and, \\'ithout antecedent therapy, she was given 
6 me. of P”. On the third day she complained 
of pain and increased fullness in the region of the 
thyroid; by the sixth day, a marked increase in 
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Fig. 7. Note the marked decrease in the fullness of the neck. Only 4.5 me. were required to produce 
a remission of th>TOtoxicity and to reduce the thyroid to a size ^timated as 10 gm.; it had been 50 gm. 
Ovcrcompensated hyperphagia accounted for the slight obesity observed in the photograph on t e 
left. 


restlessness, tremor, sweating and tachycardia 
was noted. At this time it was quite obvious that 
there had been a distinct increase in the size of 
the thyroid and the basal metabolic rate was 
found to be plus 70 per cent. (Fig. 6.) At no time 
had there been clinical or bacteriologic evidence 
of acute infection. Following this acute exacerba- 
tion there was rapid improvement and decrease 
in the size of the thyroid; three weeks after the 
administration of the initial dose of the 
weight of the thyroid was approximately 40 Gm. 
Subsequently three and two millicurie doses of 
P®' were given; the thyroid ultimately returned 
to normal size and the patient has remained free 
of thyrotoxicosis for a period of eleven months. 

IV. Changes in the Thyroid Gland. 1 . Dif- 
fuse Thyroid Hyperplasia: Except for the 
single patient who disappeared from ob- 
servation, the thyroid deereased to an esti- 
mated weight of 25 Gm. or less in all 
indmduals with diffuse goiter who received 
(Table xi.) The goiter usually regressed 
more rapidly than did clinical evidences of 
thyrotoxicosis which often persisted for a 
considerable time after the thyroid had 
assumed normal physical characteristics. 
Figure 7 illustrates the effects of in 
decreasing the size of exophthalmic goiter 
in one individual; the most marked regres- 
sion was noted in one patient whose esti- 
mated thyroid weight decreased from 120 
to 20 Gm. 


Table xi 

SIZE OF THTOOID GLAND BEFORE AND AFTER 
RADIOIOD OTHERAPEUSIS 


Grams 

Diffuse 

Hyperplasia 

Be- 

fore 

After 

20 


26 

20-30 

9 

27 

30-40 

21 

. . 

40-50 

15 

. . 

50-60 

4 

1 

60-70 

3 


70-80 

2 


80-100 
100 or more 


" 


Thyroid- 

ectomy 

Nodular 

Goiter 

Be- 

fore 

After 

Be- 

fore 

After 

1 

11 


3 

9 

10 

2 

7 

7 


3 

4 

2 


5 

2 



. 

4 

1 


2 

1 



2 

1 

1 


4 




4 



These anatomic and metabolic effects of 
radioiodine are apparently produced by 
destruction of large masses of cells by 
radioiodine. During this study no attempt 
was made to investigate the morphologic 
changes in the thyroid immediately after 
the administration of However, it was 
possible to obtain sections of the thyroid in 
two patients who were euthyroid as a result 
of such therapy. Figure 8 shows the thyroid 
morphology two months after the adminis- 
tration of a single dose of 8 me. of 
Figure 9 illustrates the changes in the gland 
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Fic. 8. A and b. Section of thjToid from a patient (Si.) who had had severe thyrotoxicosis. 
Before any radioiodine was given the gland was estimated as weighing 45 gm. and the 
basal metabolism rate svas plus 70 per cent. Two months following the administration of 
8 me. of radioiodinc clinical evidence of thyrotoxicity disappeared, the metabolic rate 
became normal and the gland decreased to 20 gm. At this time and without further 
preparation the anterior half of the lateral lobes of the th>Toid gland and all of the isth- 
mus were extirpated; the tissue removed weighed 12 gm. The patient has remained 
euth)Toid for the subsequent six months. Note that only a relatively small amount of scar 
tissue is present and that all of the acinar cells appear active. The magnification in a is 
400 X: in B 800 X. 

Fio. 9. A and b, Naz. had severe thyroto.xicosis and 60 gm. of thyroid tissue. Several de- 
terminations showed the basal metabolic rate to be appro.ximately plus 100 per cent. She 
was given 18 me. of radioiodinc in three doses within seven months. A state of cuthyroid- 
ism was obtained within three month' following the last treatment. The thyroid gland 
decreased to an estimated weight of 1 5 gm. At operation what appeared to be approxi- 
mately one-half of the gland was removed; the tissue weighed 6 gm. Thus the gland had 
decreased to 25 per cent of its original size. The fibrous tissue, indicated by the black 
bands, encircles nests of h>'pcrplastic acinar cells. Presumably large sheets of cells were 
destroyed in certain areas whereas the cells that remained viable continued to be active. 
The magnification in a was 100 X and in b 800 X. 
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Fig. 10. Bcr. was a fcmaTcXk, aged fifty-one, who had been known to have a goiter for ^^enty-Uvo 
years. For several months she had had severe compression oi the 

spells. Subtotal thyroidectomy was recommended but refused y e ^ j, administration 

propylthiouracil for several weeks radioiodotherapeusis w^ given. ( ig. •) pressure symptoms 

of 26 me. of radioiodinc a complete remission of thyrotoxicosis occurred the pressure 

disappeared. The thyroid gland was estimated to weigh ^ -uong-es in the general 

after; the measurements decreased from 7 by 6.5 cm. to 5 by 4.5 cm The change ^ 
appearance of the neck are shown in this illustration. An additional 10 me. of radioiodme did not 
have very much effect on the basal metabolic rate nor the size of the goiter. 


which were found after three doses of 
radioiodine; tissue was removed ten months 
after the initial therapy or three months 
subsequent to the third and last dose of 
A comparison of Figure 8 with Figure 9 
reveals the greater degree of interstitial 
fibrosis in the latter. It is probable that the 
differences are related to the larger dose of 
therapy in the latter. It is quite appar- 
ent that at this stage the evidence for loss 
of functioning thyroid cells is largely in- 
ferential; the cells which remain reveal no 
detectable abnormality under the micro- 
scope. It should be noted that partial 
thyroidectomy after I^®^ therapy offered no 
particular technical difficulty although a 
few adhesions were encountered between 
the thyroid and the adjacent tissues. 

2. Toxic Modular Goiter: Judging from the 
anatomic characteristics of such goiters it 
is not surprising that I^®^ frequently failed 
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to bring about a reduction of the gland to 
normal size. Remaining relatively unaf- 
fected was that portion of the goiter rnade 
up of scar tissue and large colloid follicles 
or cysts. Although the hyperfunctioning 
adenomatous tissue might be markedly 
reduced, the 'remaining inert constituents 
persisted with little or no regression even 
though a euthyroid state had been achieved 

by radioactive iodine. 

Figure 10 shows the changes which were 
produced in such a goiter by the repeated 
administration of I^®^ for a total dose of 
36 me. The thyroid, although still large, 
was reduced from circa 140 to 70 Gm. and 
symptoms of tracheal compression disap- 
peared. Radioiodine was utilized only as a 
last resort in the treatment of this individual 
who steadfastly refused operation. It should 
be emphasized that the cosmetic results of 
1131 therapy are much less satisfactory'^ for 
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toxic nodular than for diffusely hyperplastic 
goiters. 

V. Treatment of Thyrotoxicosis with 

Only three patients were treated with 
radioiodine bearing a half-life of-'^twelve 
hours In each of these individuals 

the results were excellent as indicated by 
the following abstracts: 

aged fifty-one, a female patient with 
thyrotoxicosis of moderate severity, after having 
failed to maintain a remission upon cessation of 
thiouracil therapy at the end of one year was 
given 30 me. of radioiodine. Within three months 
her thyroid gland decreased from 50 to 20 Gm. 
and the thyrotoxicity disappeared. She has 
maintained a remission for two years. 

Fe., a tailor, aged seventy-two, with severe 
thyrotoxicosis, after having responded with toxic 
reactions to orthophenylene thiourea and thio- 
barbital (?) and after insufficient improvement 
with propylthiouracil, was given 25 me. of 
radioiodine. IVithin three months the thyroid 
gland decreased from 40 to 20 Gm. and the 
thyrotoxicosis subsided. He has maintained this 
remission for eighteen months. 

Ru., a housewife, aged forty-nine, had moder- 
ately severe thyrotoxicosis. Within six months 
following 25 me. of radioiodine the thyroid 
decreased from 30 to 20 Gm. and a remission of 
the disease was initiated; it has been maintained 
for eighteen months. 

VI. yon-toxic Nodular Goiter. In an at- 
tempt to decrease the size of such goiters 
three individuals were given I^^h Therapy 
was. as anticipated, only moderately suc- 
cessful in spite of attempts to enhance the 
uptake of isotope by the preliminary use of 
th^TOtropin and propylthiouracil. In one 
patient th\Toidectomy fifteen weeks after 
the second dose of provided tissue of 
some interest. Many nodules showed inter- 
stitial scarring similar to that seen in 
Figure 9 whereas others shotved no change 
which might be ascribed to prior radioiodine 
therapy. Aside from the possible risk of 
covert malignancy it is apparent that such 
therapy accomplishes little in the manage- 
ment of non-toxic nodular goiters. 

I'll. Malignant Adenoma. Two patients 
with malignant adenoma were treated. 
Both had recurrence of tumor in the neck 


but generalized metastases could not be 
demonstrated in either. The course of both 
patients was quite similar and may be 
illustrated by the following summary: 

Patient Bru., aged eighteen, had had a large 
nodular goiter removed six years previously. .\ 
diagnosis of malignant adenoma was made. 
Within two years nodules in the neck reappeared 
and these were removed; the changes micro- 
scopically were similar, to those found after the 
first operation. At the time that radioiodine was 
administered there were three nodules in the 
neck which were from 1 to 2 cm. in diameter. 
With a tracer dose of radioiodine it was found 
that the uptake by the tissue was as good as in 
some patients ^vith Graves’ disease. (Fig. 2.) 
Following 5 me. of radioiodine a moderate 
decrease in the size of the nodules occurred. 
Two months after the first treatment 8 me. were 
administered. Within five months from the 
initial treatment the nodules had disappeared. 
The patient was in a state of euthyroidism at all 
times. The course of the second patient \vas 
similar; subsequent to the administration of 
9 me. of radioiodine the estimated 45 Gm. of 
tissue became impalpable. 

COMMENT 

The results that have been presented 
indicate that radioiodine can be used to J 
produce a remission of thyrotoxicosis in 
essentially all cases. In 100 patients with 
this disease complete remissions have been 
produced and maintained for one month or 
longer in ninety-five. In each of the 100 
patients treated the thyroid gland decreased 
in size. In most of the patients with diffuse 
hyperplasia the gland became essentially 
normal or subnormal in size. 

Although the e.xact mechanism of “cure” 
in thyTOtoxicosis (like its etiology) remains 
obscure, the question arises as to whether 
“cure” following radioiodine is on the same 
basis as that following thyroidectomy. 
Although there is a similar result in the uvo 
therapies in that the total number of cells 
is reduced, there is a possibility that addi- 
tional antagonizing effects from radioiodine 
are attributable to sublethal actions on the 
cells and to secondary' results from the 
fibrosis produced. Ho\vcvcr, experiences 
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with prolonged treatment with thiouracil 
suggest that a reduction in the total number 
of cells is not a necessity for a remission to 
persist after cessation of treatment. To 
serve as a working basis we use the hypothesis 
that the more “bombardment” individual 
thyroid cells receive from thyrotropin the 
more likely they are to become refractory 
to further stimulation; thus a remission of 
thyrotoxicosis would result when the thyroid 
cells develop an adequate amount of re- 
fractoriness. The fewer cells present, tliemore 
“bombardment” each receives. Eventually 
the cells, however, may lose some of their 
refractoriness. Other things being equal, the 
more cells which remain viable the greater 
is the likelihood of reappearance of thyro- 
toxicosis. This hypothesis could explain the 
remissions that occur following thyroidec- 
tomy, radioiodine or thiouracil, and would 
account for the greater incidence of relapses 
with the latter therapy. 

The main problem in the use of radio- 
iodine is the difficulty involved in the selec- 
tion of the appropriate dose. Excessive 
amounts may produce myxedema but 
persistent myxedema was encountered in 
only three of our patients. Transient hypo- 
thyroidism has been not uncommon in our 
experience. So long as the hypothyroidism 
IS only transient it does not constitute a 
significant handicap; indeed, such states 
seem to lend assurance to the persistency 
of the remission. Our experience has yielded 
the clinical impression that hypothyroidism 
js transient more frequently following 
radioiodotherapeusis than following thy- 
roidectomy. If this observation is borne out 
by further experience, it might be postulated 
that with irradiation of the thyroid some of 
the acinar cells temporarily may have a 
ecreased capacity to manufacture hor- 
^ne, but may later regain their normal 
physiologic activity. 

The patients who developed the full- 
own picture of myxedema developed it 
^ore slowly (three to six months) than 
generally occurs following thyroidectomy, 
ome of the factors which may account for 
t IS difference in response are (1) with 
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thyroidectomy a significant amount of 
hormone is removed along with the goiter, 
(2) following radioiodine many of the cells 
may continue to function at least partially 
for several weeks, either because this interval 
is required to kill the cells with radioiodine 
or for the scar tissue to contract enough to 
interfere significantly with their blood 
supply, or because of both factors. 

Radioiodine can cause enormous reduc- 
tion in the size of goiters but it does so 
chiefly by decreasing the number of acinar 
cells and probably secondarily by reducing 
the vascularity. It does not reduce the 
quantity of fibrous tissue or calcium, and 
apparently does not cause much reduction 
in colloid cysts. Therefore, in large toxic 
nodular goiters it can produce a complete 
remission in the thyrotoxicity and it can 
reduce the size of the goiter, but a large 
amount of inert tissue may persist. For this 
reason it probably will not offer much 
advantage in the treatment of the great 
proportion of large, non-toxic multinodular 
goiters. 

The proper selection of patients for 
tlierapy with radioiodine must await further 
observation of individuals who have been 
treated in this manner and of those who 
have been given one of the thiouracils alone; 
more satisfactory comparisons with other 
methods of therapy can then be made. 
Upon the basis of present data, many 
factors should be considered in the selection 
of therapy for any individual patient."* 
Radioiodine is a very simple form of therapy 
to the patient but it must be used only by a 
selected group of specialists. Therefore, it 
is not available to very many people. This 
type of treatment is generally less expensive 
than is thyroidectomy and is associated 
with less economic strain and physical 
discomfort. It is particularly worth while in 
patients who have become sensitive to 
certain antithyroid compounds and to those 
in whom complications from thyroidectomy 
loom as a good possibility, for example, in- 
dividuals with hemorrhagic tendencies, 
those with severe cardiovascular disturb- 
ances, those who have developed hypo- 
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parathyroidism or nerve paralysis after 
previous thyToidectomies. Relatively good 
results were obtained in the treatment of 
two patients with malignant adenomas. 
However, the results in patients with highly 

Table xii 

COMPARISON op THE CLINICALLY ESTIMATED WEIGHT OF 
GOITERS WITH WEIGHT OF THYROIDS REMOVED BY 
subtotal THYROIDECTOMY 


Case No. 

Weight of Thyroid (Gm.) 

Estimated 

Found 

1 

35 

45 

3 

40 

42 

10 

25 

31 

12 

30 

26 

17 

140 

180 

28* 

40 

29 

36 

40 

39 

43 

35 

32 

52* 

30 

22 

56* 

30 

28 

57 

50 

44 

58 

60 

50 

60 

40 

34 1 

63 

30 

21 

64 

50 

40 

67 

70 

61 

68 

70 

71 

70* 

35 

23 

73* 

60 

42 

74 

40 

39 

75 

50 

33 

76* 

50 

1 

83 

80 

90 

84 

60 

63 

85 

35 

1 25 

87 

70 

60 

91 

60 

66 

101 

50 

43 

103 

30 

24 1 

111* 

60 

60 

114 

40 

32 

119* 

100 

169 

121* 

120 

140 

124 

' 15 

12t 

127 

1 40 

32 

128 

1 40 

41 

129’ 

40 

49 

134 

1 ^0 

73 

139 

30 

23 

140 

50 

44 

146 

1 35 

t 

t 

35 


* Adenomatous goiters. 

t These values have Ixrcn derived by multiplymi; the 
weight ofonclolyrby two since only hcmithyroidcctomics 
were performeti. 


malignant neoplasms leave much to be 
desired. “ 

The results in the three patients treated 
with were excellent. Indeed, this isotope 
might be superior to were it readily 
available. Its much shorter half-life causes 
it to exert its effect upon the thyroid and the 
other tissues within a much shorter interval. 
Thus, the other tissues are exposed to its 
damaging effects for shorter intervals. 
Whereas with the larger doses required the 
tissues get more exposure within a short 
interval, the sum total irradiation is less 
than with the because a significant 
amount of the latter is fixed to protein, due 
to continued and more prolonged function, 
and can be demonstrated for many weeks. 
The use of tracer doses of radioiodine as an 
indicator of the quantity of isotope to use 
therapeutically is more applicable with P^° 
than with I^®^ because of the fewer oscilla- 
tions in the rate of thyroid function. 

Whether radioiodine in the doses used 
in this study will exhibit a significant 
carcinogenic effect and also its possible 
deleterious effects in other parts of the body 
remain to be determined. 

SUMMARY 

A total of 1 1 1 patients have been treated 
with radioiodine; 106 had thyrotoxicosis; 
three had non-toxic nodular goiter and two 
had malignant adenoma. Six of the thyro- 
toxic subjects received their treatment too 
recently for adequate consideration. In 
ninety'-two of ninety-seven patients treated 
with P®' a remission was produced and / 
persisted. Most of these patients became/ 
cuthyToid within six months, an average of 
approximately three months. A total of 
222 doses of radioiodinc were given to 
ninety-seven patients; an average of 2.2 
doses per patient. Thirty-five required only 
one dose; fourteen were given more than 
three doses. In the group experiencing 
remissions within six months, approxi- 
mately' 225 fic. per Gm. of thyroid tissue 
were administered. An average total of about 
8 me. w'as required for thyrotoxic patient-s 
with diffuse hyperplasia of the thyroid and 
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those previously thyroidectomized; twenty- 
two individuals with toxic nodular goiter 
required larger total doses although some- 
what smaller in proportion to the size of the 
thyroid gland. 

The goiter was reduced in size in all 
instances. Indeed, in all except one of the 
patients with diffuse hyperplasia the gland 
decreased to an estimated 25 Gm. or less; 
the 'one exception was an individual who 
declined to return for completion of therapy. 

In most of the patients with diffuse hyper- 
plasia the thyroid became reduced to 
essentially normal or subnormal size before 
remission resulted. 

Three patients developed persistent myxe- 
dema. In sixteen others transient hypo- 
thyroidism resulted. 

Three individuals with thyrotoxicosis 
were treated with with excellent results. 

In two patients with malignant adenoma 
the cervical masses became impalpable. 
Three subjects with non-toxic nodular 
goiter experienced only slight reduction in 
the size of the goiters. 

No significant untoward effects from the 
radioiodine were manifested by non-thyroid 
tissues. One individual was pregnant at the 
time of her therapy, one had acute glomeru- 
lar nephritis, one had chronic pyelonephri- 
tis, three had had acute hepatitis and several 
had congestive heart failure. 

An outline of our present plan of therapy 
and a discussion of many factors concerned 
With iodotherapeusis are given in the 
following paper. 

Appendix. Since careful evaluation of the 
size of the thyroid is of importance in deter- 
mining the dosage of radioiodine required. 

It IS important to know how accurately this 
may be determined. There was no oppor- 
•tunity to weigh the gland of the patients 
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before treatment with radioiodine. How- 
ever, information obtained with other 
studies is of aid. 

Several years ago one of us (R. H. W.) 
estimated the size of the thyroid of patients 
treated with thiouracil, and following sub- 
total thyroidectomy the gland was trimmed 
and weighed carefully as part of a procedure 
for determining the localization of thi- 
ouracil. The estimated and the determined 
weights of these glands are recorded in 
Table xii. 

In interpreting the data it is to be borne 
in mind that the “determined weight” is 
not an exact indicator of the size of the 
gland as it exists in the patient because of 
variations in the amount of fluid lost or 
gained during the operation. Moreover, 
there were variations in the quantity of 
thyroid tissue left in the neck. 

It may be observed that the error was 
greater in estimating the weight of ade- 
nomatous goiters than diffusely hyperplastic 
ones. In only three of thirty-one of the latter 
type was there a discrepancy of more than 
10 Gm. 
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Factors Influencing the Effectiveness 
of Radioiodotherapeusis" 


^VALTER F. Rogers, Jr.. 
Syracuse, New York 

R esults presented in the precedini 
paper^ as well as in the reports of 
other investigators-’® demonstrate 
that in treating thyrotoxicosis with radio- 
iodine some of the problems encountered 
are similar to those found wth surgical 



Fig. 1 . Xote the variations in the concentration of 
radioiodine in the thjToid. 

therapy. The effectiveness of radioiodine, 
like subtotal thyroidectomy, depends upon 
the elimination of the majority of the thyroid 
acinar cells. Since only slight differences in 
the quantity and quality of tissue remaining 
may determine whether the amount of 
thyroid hormone produced is excessive, ade- 
quate or inadequate, it is imperative that 
this problem be evaluated carefully. An 
adv'antage is afforded surgical therapy^ b\' 
the opportunity’ of directly’ e.xamining the 
gland, thereby aiding in determining how 


Beverly T. Towery, M.D.,t 
Nashville, Tennessee 
and Rene Tagnon, xi.d. 

Boston, Massachusetts 

much tissue should be removed; the opera- 
tor can proceed immediately’ in extirpating 
whatever amount he chooses. More difficulty’ 
is encountered in selecting the optimal dose 
of radioiodine. The concentration of and 
duration of fixation of isotope in or adjacent 
to thyroid cells ^ (Fig. 1) is a complex kinetic 
process which can be predicted only within 
certain broad limits. Even tracer-dose tech- 
nics do not reflect the alterations in iodine 
metabolism that occur during the weeks 
that exerts its activity’. The efficacy’ of 
radioiodine in reducing the amount of 
hyperplastic tissue is subject to influences 
which relate to net iodine-thyroid-pituitary 
interrelationships ^\’hich in tmn affect the 
ionizing radiation to which the thyroid is 
subjected over a considerable period of time. 
In this respect, the ingestion of goitrogens, 
variation in iodine intake, metabolic rate, 
stress,® et cetera, should be mentioned. 

In spite of certain difficulties inherent in 
the selection of dosage it is believed that 
radioiodine therapy’ is unquestionably the 
treatment of choice in certain patients and 
that its use is worthy’ of consideration in 
many’ others. Certain obsen’ations concern- 
ing the selection of doses of radioiodine in 
the treatment of 1 1 1 individuals with thyro- 
toxicosis are to be described. 

XETHODS 

All of the radioiodine used in these studies was 


The quantities administered were based 
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upon estimates made at Oak Ridge, Tennessee, 
with standard corrections for decay. All of the 
therapeutic doses were administered by mouth 
and consisted of 1 me. per 10 cc. of water. In 
most of the treatments approximately 0.5 mg. of 
potassium iodide was used as a carrier. None of 
the subjects received potassium iodide within 
four weeks of the test doses except where other- 
wise mentioned. The tracer dose consisted of 
100 microcuries in 1 cc. of physiologic saline 
solution without added carrier; it was injected 
subcutaneously. 

For the determination of the radioiodine in 
serum 0.5 or 1 cc. was placed in a bottle cap 
with one drop of dupanol. After drying in an 
oven the cap was placed under a Geiger-Mueller 
tube and counts were made. Urine was assayed 
in a similar manner. 

For the determination of FBI* 1 cc. of serum 
was pipetted into a 1 5 cc. centrifuge tube. Then 
9 cc. of 10 per cent trichloracetic acid was 
added while the solution was stirred vigorously. 
After centrifugation the supernatant fluid was 
decanted. The precipitate was washed three 
times with 5 cc. portions of 10 per cent tri- 
chloracetic acid, transferred quantitatively to 
bottle caps, dried at 100°c. and then isotope 
counts were made. 

Estimates of the size of the thyroid gland were 
made in all instances by the same physician and 
were recorded in Gm. It is believed that these 
estimations were relatively close, especially when 
the gland weighed less than approximately 
70 Gm.^ 

The patients previously treated by means of 
thyroidectomy and those with nodular goiters 
are considered separately from those with 
diffuse goiter. 

Fifty-six patients had received one of the 
thiouracils for prolonged intervals, as indicated 
in the figures. The dosage was sufficient to 
maintain the metabolic rate at a normal level. 

RESULTS 

Epilhyjoid Counts. Determinations of the 
concentration of isotope in the region of the 
thyroid gland were made in ten patients 
(Fig. 2) by placing a Geiger-Mueller count- 
ing tube successively over each lateral lobe 
of the gland. The counts were made twenty- 
four hours after therapeutic doses had been 
given. The counting tube was held 1 cm. 
from the skin and a leaded rubber pad was 
Protein-bound radioiodine. 
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placed between the neck and the counter. 
In a few instances similar counts were made 
over the region of the kidneys. 

The amount of radioiodine found in the 
thyroid region could not be correlated well 
with the ultimate total dose required to 



Fig. 2. In order to make allowance for the differences 
in the size of the thyroid gland in the correlation of the 
counts over the gland with the size of the dosage, the 
counts per second were divided by the dose in micro- 
curies per 100 gm. of thyroid tissue. The same relative 
estimations were made with counts determined over 
the kidneys. 

produce a sustained remission. The counts 
over each lateral lobe were quite similar. 
The counts over the renal regions were 
much less than over the thyroid. In one 
patient with severe acute glomerular neph- 
ritis (Per., Fig. 2) the concentration of 
isotope in the renal region was similar to 
that found in patients without kidney 
disease. 

Relation of Radioiodotherapeusis to the Content 
of Radioiodine in Blood and Urine. 1 . Changes 
within One Hour after Tracer Dose: Nineteen 
thyrotoxic patients received tracer doses of 
I^®^. The subjects remained at rest for one 
hour and at this time determinations were 
made of the total amount of radioiodine 
which had been excreted and of its coneen- 
tration in serum. A similar test was con- 
ducted in four athyreotic subjeets and in 
seven normal individuals. The results are 
presented in Figure 3. 

Considerable variation in the quantity of 
radioiodine in the serum and urine was 
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observed in the same as well as in different 
groups of subjects. Neither the content of 
isotope in the urine nor blood following the 
test dose was a satisfactory indicator of the 
quantity required to produce sustained re- 
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Fig. 3. Each column presents data in a different patient. 
All of the subjects experienced a remission within six 
months after the initial radioiodine treatment, except 
where indicated. The myxedema patients had been 
treated with desiccated thyroid for several months 
before the tests*with radioiodine were conducted; their 
metabolic rates were within normal limits. The pa- 
tients treated with propylthiouracil (PTU) had re- 
ceived from 200 to 250 mg. daily, ending at the times 
indicated. The thyrotoxic subjects previously treated 
with radioiodine had received therapeutic doses. Al- 
though some isotope was still present in these patients, 
the quantities were relatively insignificant. Tracer doses 
(100 me.) were given each subject. The ratio of the 
total amount of isotope in the urine to its concentra- 
tion in 1 cc. of plasma and the product of these values 
have been plotted since in other studies' these calcula- 
tions have accentuated the differences between thyro- 
toxic, normal and m>'xedcmatous individuals. The 
clinical response during the first six months only is 
considered here because most of the subjects experi- 
enced a remission during this intcrs’al and because 
treatment beyond it was given more irregularly and 
was more complicated by repair processes in the thyroid 
gland. 


mission. There was no significant difference 
between those who experienced a remission 
and those who did not. 

Most of the thyrotoxic subjects who ex- 
perienced a remission in six months received 
an average of from 60 to 90 /xc. per Gm. of 
thyroid tissue per month, or a total of from 
175 to 300 juc. per Gm. Those who remained 
thyrotoxic received comparable amounts. 

2. Daily Excretion of Radioiodine in Urine 
Following Therapeutic or Tracer Doses: De- 
termination of the quantity of radioiodine 
excreted during the first twenty-four hours 
following therapeutic doses showed (Fig. 4) 
in most instances that from 20 to 40 per cent 
of the dose was excreted. Comparison of 
these values with the quantities of isotope 
used in producing remission within six 
months revealed no definite correlation 
whether the dosage was expressed as total 
millicuries, total microcuries per Gm. of 
thyroid, or the average number of micro- 
curies per Gm. of thyroid per month. 
Furthermore, in these cases there was no 
significant effect on the quantity of radio- 
iodine in the urine when standard treatment 
with propylthiouracil was continued until 
two days before isotope therapy. 

In the group of patients followed for 
several days (Fig. 5) the quantity of radio- 
iodine in the urine decreased considerably 
after the first one or two days following 
therapy, when as much as 1 per cent of the 
initial dose continued to be excreted daily 
for many days. The quantity of isotope in 
the urine of one patient (Ch.) given three 
therapeutic doses showed relative increases, 
while in another subject (Bo.) there was less 
after the second treatment than after the 
first. One individual (Si.) given two equal- 
sized tracer doses within three weeks, with- 
out any therapy in the interim, excreted 
18 per cent within twenty-four hours after 
the first dose and 13 per cent after the 
second dose. By the end of the fourth day 
the total e.xcretion was the same in each 
instance. The subject who took propylthi- 
ouracil until the day of radioiodine adminis- 
tration excreted relatively the same amount 
of isotope as did the patients who had not 
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received this tlierapy. On the other hand, 
the subject taking potassium iodide excreted 
relatively more. 

The quantity of radioiodine that was 
excreted during the intervals studied was a 
poor index of the total dose required to 


Williams et al. 721 

produce a remission. The patients who had 
diffuse goiters became euthyroid after re- 
ceiving from 70 to 90 juc. per Gm. of thyroid 
per month; those with nodular goiters 
needed less per Gm. of tissue but a greater 
total quantity. 


RELATION OF QUANTITY OF I’lN URINE TO AMOUNT REOUIRED FOR TREATMENT 
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Fig. 4. See legend for Figure 3. In some patients, as indicated on the chart, the 
same test was conducted twice. For comparative purposes the patient’s initial 
and the date of the test are included in the data. The weights of the thyroid are 
those estimated at the time of the first radioiodine treatment. 


RELATION OF DAILY EXCRETION OF 1' TO TOTAL DOSE REOOIREO 
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Relationship of the Physical Characteristics of 
the Thyroid Gland and the Intervals of Therapy 
to the Dosage Used to Produce Remission. 
There is no way of determining the minimal 
dosage required to produce a remission in a 
given patient but experience permits reason- 
able estimates. The results in patients with 


rate. However, in some subjects with toxic 
diffuse goiter apparently a difference of 1 or 
2 me. in dosage will determine whether 
hyperthyroidism or euthyroidism will be 
produced; in other instances this same 
difference in dosage may determine whether 
euthyroidism or myxedema will develop. 


diffuse goiter 
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Fig. 6. Each column indicates data in one patient. In the top row is demon- 
strated the inter\’al from the first dose of radioiodine until a remission was 
obtained that has been sustained. The present size of the thyroid glands is demon- 
strated by the black columns, while the blank portions of the columns show the 
extent to which they have decreased in size. The method and rationale of calcula- 
tion of the /icl */mo./gm. thyroid and the /icl */gm. combined thyroid weight (or 
average thyToid weight) have been presented in the te.xt. In the section labeled 
ncl*/g;m. thyToid/dose are presented the data in patients given more than one 
radioiodine treatment within the first six months of therapy. One patient, indi- 
cated by F, did not return for additional therapy'. 


toxic nodular goiters indicate that in some 
instances, even after a state of euth^rroidism 
is established, 10 me. or more of radioiodine 
may be given without altering the metabolic 


In Figure 6 are presented some of the 
results obtained in patients with toxic 
diffuse goiter. Because many patients had 
been treated with one of the thiouracils for 
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varying intervals and inasmuch as sustained propylthiouracil was given immediately 

remissions may follow such therapy, the before the radioiodine but usually was 

cases are separated according to the intervals stopped about four days before the latter, 

of previous treatment with these com- It may be observed (Fig. 6) that all but 
pounds. (Fig. 6.) In each patient it was two of the patients with diffuse goiters 

clearly established that the individual was experienced remission of thyrotoxicosis. 



thyrotoxic when this therapy was with- Moreover, in all but seven cases the remis- 

drawn. Thus the radioiodine was not given sion occurred within six months. One 

immediately after long intervals of thio- subject developed myxedema. The th^Toid 

macil treatment but was separated from it , in all patients decreased to 25 Gm. or less 
by one or more months. In some of these except in one who failed to return after 

cases a short course, one to five weeks, of the initial dose of radioiodine. 
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There is no statistically significant differ- 
ence in the dosage of radioiodine used to 
produce remission in the groups of patients 
previously treated for varying intervals 
with thiouracil.^ The patient (Fig. 6) who 
developed myxedema following radioiodine 


Moreover, many of the nodular glands 
remained enlarged although remissions of 
the thyrotoxicosis developed. Two patients 
with nodular goiter have remained th>TO- 
toxic in spite of 17.5 me. in one case and 
30 me. in another. Two individuals who 



Fig. 8, The plots in the upper half of the figure are in patients with diffusely en- 
larged thyroids but the others were nodular. No, and Ma. had no thyrotoxicosis 
but the others were severely toxic. Each patient received 0.3 mg. KI with the 
radioiodine, but none received KI or PTU following it. No. received 50 J.S. units 
of thyrotropin in sesame oil for each of two days before I *. All of the thyrotoxic 
patients have had remissions which have now lasted for more than seven months. 
The diffusely enlarged glands decreased in weight from approximately 45 gm. 
to less than normal size (20 gm.); the nodular glands decreased only slightly. 
Following removal of Ma.’s gland several months later characteristics of a 
thyroid storm were observed, although repeated clinical examinations, including 
estimations of the basal metabolic rate, had shown no evidence of thyrotoxicosis. 


had had prolonged therapy with thiouracil; 
witliouttliiouracilth>Totoxicosis reappeared, 
although of much milder degree. He re- 
ceived less radioiodine than the average 
quantity given to other patients. On the 
other hand, another individual who had 
taken thiouracil for more than two years 
and whose thyroid gland weighed approxi- 
mately 30 Gm. has continued to have 
th>TOtoxicosis after 20 me. 

Upon comparing Figures 6 and 7 it may 
be obsen’^ed that there was no significant 
dificrcncc in the dosage used in the different 
groups \vhen expressed upon a tliyToid- 
weight basis. The total amount used in the 
subjects with toxic nodular goiters was 
greater than in those with diffuse goiter. 


had had a thyroidectomy and had been 
treated with thiouracil for intervals of from 
sixteen to twenty-four months developed 
myxedema. Neither received as much as the 
average amount given to the other patients. 

Change in the Total and Protein-Bound Radto- 
iodine Content of the Serum Following Thera- 
peutic Doses. Aside from the usual factors 
which affect iodine metabolism, further 
changes are produced by radioactivity. As 
a result of the latter action a decreased rate 
of synthesis of FBI* and a relative increase in 
“spillage” of FBI* and FBI from the thyroid 
gland may be anticipated. The extent to 
which this “spillage” phenomenon takes 
place, with the increased metabolic rate 
which it may produce, may be expected to 
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effect the quantity of TI* and PBI* in the 
body. 

Following the administration- of thera- 
peutic doses of radioiodine the changes in 
PBI* were determined in sixteen patients 
and the TI* in eleven for intervals of from 
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thyroid cells, ^ the resulting injurious effects 
on the cells would probably decrease the 
synthesis of PBI*. On the other hand, 
the injured tissue might permit a greater 
“spillage” into the blood stream of such 
PBI* as had been synthesized. As a final 


CHANGES IN SERUM I* FOLLOWING TREATMENT 



Fig. 9. Each of these patients had thyrotoxicosis; it was severe in Jac. and 
Tho. The thyroid was diffusely enlarged in Jac. and Lon. and was nodular 
in the others. Approximately 30 gm. of tissue were estimated to be present 
in Lon. and Bur. and 75 gm. in the others. The treatment of these patients 
was especially different from that of the patients in Figure 8 in that twelve 
hours after the radioiodine was administered each patient was given 3 drops 
of a saturated solution of potassium iodide and he continued to receive it 
twice daily for five days; it was then discontinued. Bur. and Spr. experienced 
remissions in thyrotoxicosis that have persisted for more than six months, 
but additional therapy was given to the others within six weeks. 


two to six weeks. Fourteen of the patients 
had thyrotoxicosis; five of the fourteen had 
nodular goiters. Two individuals had non- 
toxic nodular goiters. 

The serum values and some of the char- 


acteristics of each case are given in Figun 
83 9 and 10. The subjects charted in Figui 
were given potassium iodide for five da^ 
allowing radioiodine while those in Figure 
Were not. The increased quantity of iodir 
in the body would promote more rapi 
excretion of radioiodine. Since iodine tenc 
to inactivate thyrotropin, one would antic 
pate that this therapy would cause a slowt 
synthesis of PBI * but an increased tendenc 
ni" its storage in the thyroid. Because iodir 
promotes a longer stay of radioiodine in th 


I'ecembkr, 1949 


result of these effects of iodide a slower in- 
crease in the serum of TI* and PBI* might 
be anticipated with less of a total increase. 
However, a decreased rate of utilization of' 
PBI * probably results as the metabolic rate 
decreases. 

The maximal concentrations of PBI* 
were found between the fifth and twentieth 
days. During this interval there also tended 
to be the greatest difference between the 
concentration of TI* and PBI*. In each 
patient significant concentrations were found 
for as long as the patients were followed, 
which in one instance was six weeks. In no 
instance did the PBI* ever account for all 
of the TI* although these two values 
tended to approach each other after the 
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twentieth day. The TI* and the PBI* 
reached higher levels in the patients with 
diffuse goiter than in those with toxic 
nodular glands. In the latter group the rise 
in TI* and PBI* was slower; there was a 
more prolonged plateau, a slower fall and 
less of a difference in the TI* and PBI*. 


by the isotope can be readily determined 
but its effectiveness in controlling thyro- 
toxicosis is dependent upon a large number 
of factors which modify its concentration 
and distribution in the thyroid. Apparently 
the metabolism of radioiodine is like that 
of iodine. Some of the factors influencing 



Fig. 10. Boy. had a nodular goiter with severe thyrotoxicosis; in the others 
the disease was less severe and the gland was diffusely enlarged. Potassium 
iodide therapy was like that given the patients described in Figure 8. The 
thyroid gland of Buc., Fas., Shi. and Kon. weighed approximately 30 gm. and 
decreased to less than 20 gm. within several weeks following radioiodine 
therapy. In Boy. the gland weighed 60 gm. before and after the therapy shown. 
Buc. developed myxedema; Fas., Shi. and You. have needed no more therapy; 
after 3 me. of additional treatment Kon. experienced a remission. 


The concentration in patient Ma. Fig. (8) 
became much greater than in any of the 
others. This subject had a nodular goiter 
which clinically was non-toxic but micro- 
scopically it appeared very active. This 
patient is unique in several respects and is 
being investigated further. 

• The nature of the plots in Figures 8, 9 
and 10 does not indicate the efficacy of the 
therapy with reference either to the reduc- 
tion in gland size or tliyrotoxicity. 

CO.MMENT 

The effectiveness of radioiodine in the 
treatment of tliyrotoxicosis is due to its 
capacity of ’injuring thyroid acinar cells, 
leading to disappearance of a large pro- 
portion of them. Its efficiency depends upon 
the amount and duration of exposure of the 
individual th>Toid cells to ionizing radi- 
ation. The amount of radioactivity possessed 


the distribution of the latter are discussed 
below. 

Thyrotropin causes (1) an increase in the 
rate of transfer of thyroid hormone from the 
thyroid acini to serum, (2) a decrease in 
the storage of hormone in the thyroid 
gland, (3) hypertrophy and hyperplasia 
of the aeinar cells, (4) an increase in the 
rate of transfer of iodide from the serum 
to the thyroid, (5) an increase in the rate of 
synthesis of the thyroid hormone and (6) an 
increase in the rate of transfer of iodine 
from the cells to the lumen of the acinus. 
The quantity of thyrotropin released is 
influenced, presumably, by many factors 
such as the quantity of iodine in the diet 
and amount of stress. Moreover, factors 
which affect its inactwation and excretion 
would also influence, indirectly, the c.x- 
change of iodine in the thyroid. 

Iodine inactivates thyrotropin and tends 
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to inhibit its effects. Moreover, the quantity 
of iodine in the body may exert significant 
effects upon the exchange of radioiodine in 
the thyroid independent of its effects on the 
thyroid, for example, upon the serum; 
thyroid iodine gradient, excretion of iodine 
in the urine, etc. Among the factors affect- 
ing the quantity of iodine in the body are 
the amount ingested in food or as medicine 
and the quantity in water and in air. The 
quantity of iodine in the thyroid is influ- 
enced by the amount in the blood; anti- 
thyroid substances in the diet, thioureas, 
thiocyanates, etc.; thyrotropin activity and 
the structure of the th^Toid. Of course, many 
of these effects are interdependent. 

Results and Present Plan of Therapy. Some 
of the variables influencing response can be 
assessed following the administration of 
radioiodine by the determination of (1) the 
concentration of isotope in the thyroid 
region, (2) its excretion in the urine, (3) its 
concentration in the blood and ( 4 ) correla- 
tion of these observations with gland size 
and time. However, many factors must be 
considered in interpreting the data obtained. 

For example, following a tracer dose the 
concentration in the thyroid region can be 
used as an indication of the relative quantity 
of therapeutic dose of isotope which will 
accumulate in the same region when given 
under the same conditions. Likewise, by 
estimating the quantity of radioiodine in the 
blood and urine, it can be adduced that a 
significant portion of the remainder is in the 
thyroid gland. However, such informa- 
tion does not indicate the variations in 
concentration which may occur from cell 
to cell nor indicate the variations in ratios 
of concentration in cells and colloid. Fur- 
it must be emphasized (1) that 
t continues to irradiate the gland for 
several weeks and (2) during this interval 
the radio iodine is passing in and out of the 
gland repeatedly. In this connection it 
should be noted that as the injury of the 
acinar cells occurs, changes probably occur 
to alter the exchange of iodine in the thy- 
roid and, therefore, make it different from 
the changes indicated in the beginning by 
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the tracer studies. Moreover, it seems likely 
that all thyroid acinar cells do not have the 
same degree of radiosensitivity and, conse- 
quently, the concentration of isotope in the 
cell is not an exact indicator of the extent of 
injury that will result in it. 

In spite of the many variables which may 
interfere with accurate estimation of the 
dosage of radioiodine needed we are very 
much in favor of extending the types of 
tests that have already been applied, as 
well as searching for new tests, because 
determination of the dosage needed is by 
far the most important phase of radioiodo- 
therapeusis. Perhaps more helpful informa- 
tion can be obtained by following the 
changes in the distribution of radioiodine for 
several weeks following its administration. 

The regimen that was used most com- 
monly in the treatment of our patients 
consists of (1) discontinuation of iodide 
therapy at least four weeks before radio- 
iodine is to be given, (2) administration of 
propylthiouracil for approximately four 
weeks, ending four days before the ad- 
ministration of radioiodine, ( 3 ) the use of 
0.5 mg. of potassium iodide twice daily, 
beginning within twelve to twenty-four 
hours after radioiodine and continuing for 
five days, ( 4 ) the administration of another 
dose of isotope approximately eight weeks 
later, if indicated. Of course, it is difficult 
to know the value of some of these measures 
but some reasons for their plausibility may 
be discussed. 

Early in our experience^ a few patients 
developed a distinct exacerbation in their 
condition within a few days following radio- 
iodotherapeusis. These were individuals 
who had no previous therapy of any type 
for thyrotoxicosis. It was reasoned that 
radioiodine had altered thyroid physiology 
in a manner similar to thyroidectomy, ex- 
cept that there was not the degree of alarm 
reaction associated with the latter. After 
thyroidectomy thyroglobulin can be found 
in the blood almost immediately thereafter 
and th^Toid storm is most apt to occur in 
the first twenty-four hours. Although esti- 
mations of thyroglobulin following radio- 
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iodine have not been reported, it seems very 
probable that with the necrosis of the 
thyroid tissue resulting from irradiation 
th^Toglobulin could enter the blood stream 
just as it has been shown“ to do in patients 
with thyroiditis. An appreciable amount of 
necrosis would not be expected for several 
days and the maximal intensity of the 
exacerbation in thyrotoxicity requires a 
similar interval. Apparently, with radio- 
iodine or by surgery, the release of signifi- 
cant amounts of thyroid hormone into the 
blood stream of a patient who already has 
a relatively high concentration and is in 
poor general nutritional state may lead to a 
thyroid storm. On the other hand, when 
such patients are treated adequately for 
several weeks \vith propylthiouracil, a 
decreased concentration of hormone results 
in the thyroid and other portions of the body 
together with an improved nutritional 
status; therefore, they are less subject to 
untoward reactions. In some instances 
propylthiouracil is given for inter\'als longer 
than four weeks and sometimes less, depend- 
ing upon the severity of the thyrotoxicosis, 
the interval before the next expected ship- 
ment of radioiodine, etc. Propylthiouracil 
not only has this advantage but it promotes 
improvement in the patient while waiting 
for the isotope. Moreover, it probably 
increases the uptake of the radioiodine by 
the thyroid if discontinued four days before 
the latter. Essentially all of the drug dis- 
appears from the body during this interval. 
If it is given until the day of the iodo- 
therapy, it may interfere with the uptake of 
‘iodine by the thyroid. 

The extent to which propylthiouracil 
interferes is small compared to the effects of 
therapeutic doses of potassium iodide. 
Although this substance probably docs not 
cause significant interference for as long as 
four weeks after cessation of its administra- 
tion, there arc enough variables of other 
types to make it desirable to remove any 
that arc not ncccssary^ The use of propyl- 
thiouracil preceding radioiodinc therapy' 
helps eliminate c.xccs.ccs of iodine in the 
body. Wiicrcas statistically significant differ- 


ences were not found, we have the impres- 
sion based upon careful consideration of 
individual cases that patients previously 
treated for long intervals with thiouracil, or 
previously subjected to thy'roidectomy or 
both, require relatively less radioiodine 
than patients not so treated. 

Young patients were not given as large 
doses initially as adults, as we particularly 
desired to avoid myxedema in this group. 
We attempted to select the minimal dose 
which we thought might produce a remis- 
sion, realizing that it was easier to give 
additional doses than to treat myxedema. 
A rule-of-thumb* which evolved for appli- 
cation in the selection of the initial dosage 
for a great proportion of patients with 
diffuse hyperplasia was as follows: 4 me. 
if the gland weighed 30 Gm., and 1.5 me. 
extra for each additional 1 0 Gm. in weight. 
Of course, as discussed at length, there are 
many factors modifying the dosage required. 

The use of the carrier doses of iodide was 
based upon the work of earlier investiga- 
tions.- On the basis of our clinical studies 
we could not detect a definite difference in 
response whether we gave potassium iodide, 
sodium bromide or nothing with the radio- 
iodide. It was difficult to evaluate the 
influence of potassium iodide upon the 
effectiveness of radioiodine when given for 
five days after the latter. Whereas such a 
procedure tends to promote excretion of 
radioiodine and from this point of view 
would decrease its effectiveness, potassium 
iodide helps trap the isotope in the thyroid 
cells’ which is where it is most desired. 
Whether or not this phenomenon is actually 
advantageous, iodide for a few days does 
help prevent exacerbations of the thy'ro- 
toxicity. Moreover, using it in the manner 
described apparently' does not interfere 
significantly with interpretation of the 
effectiveness of radioiodinc or in the next 
treatment with it. 

The problem of when to giv'c additional 
doses of radioiodinc ranked next in difficulty 

* Thus “rulc-of-tliumb,” like so many others, proba- 
bly will not hold very long but when applied to a limited 
group of patients it may be of aid for a while. 
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to the selection of dosage. In our earlier 
experiences we sometimes erred by repeat- 
ing the treatment within four or five weeks. 
Now, with only few exceptions, we do not 
repeat the therapy within intervals less than 
approximately eight weeks. The interval 
required for patients to obtain a maximal 
response from a dose of radioiodine varies 
from one to five months. In general, patients 
who had had no definite response in six 
weeks or those who had had the maximal 
improvement after about four weeks and 
were experiencing an intensification of the 
manifestations by the sixth week invariably 
needed more therapy. The patients who 
were very mildly toxie by the end of eight 
weeks were followed for another two to four 
weeks before decision regarding additional 
therapy was made. Most of the patients who 
did not require additional therapy became 
euthyroid or hypothyroid within five to ten 
weeks. Patients who became myxedematous 
required three months or more to develop 
this picture. A few patients required three 
or four months to exhibit the maximal 
response to a given treatment although 
they did not develop myxedema. To illus- 
trate the relative interval required for dif- 
ferent degrees of response, the following 
rule-of-thumb” may be stated: the maxi- 
mal response in metabolic rate occurs within 
one month when treatment is inadequate, 
Within two months when it is adequate and 
Within three months when it is excessive. 
Of course there are notable exceptions to 
these generalizations. 

The interval between the time of ad- 
ministration of radioiodine and remission 
of thyrotoxicosis is required not only to 
produce injurious effects on the thyroid 
cells but also to utilize the excess of hormone 
that had been manufactured previously, 
mce there is considerable variation in 
t ese respects, it is not surprising that the 
oegree of response differs. For example, 
“Cse factors are probably major ones in 
accounting for ‘ the slower response in 
metabolic rate of patients with toxic nodular 
goiter than in those with toxic diffuse goiter, 
'V iiie it was more rapid in those previously 
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thyroidectomized. The greater variation 
in the physiologic and anatomic status of 
the thyroid of patients with nodular goiters 
than those with diffuse hyperplasia con- 
tributes to the greater irregularity in re- 
sponse. The fact that none of the former 
group developed hypothyroidism, although 
relatively large doses of radioiodine were 
given when the patients were euthyroid, 
can be attributed at least partially to the 
greater variation in the physiologic activity 
of the thyroid cells. 

SUMMARY 

In our experience with radioiodine in the 
treatment of 111 patients with thyrotoxico- 
sis the quantity of isotope required to pro- 
duce remission varied considerably. 

In investigating technics that might be 
used as indicators of the amount of isotope 
needed, we attempted to correlate the 
dosage of isotope used with (1) earlier 
estimations of amounts of it in blood, urine 
or thyroid region after specific intervals 
and (2) clinical examination of the thyroid 
gland. 

None of the methods was very satis- 
factory. Clinical evaluation of the thyroid 
gland was of moderate aid. Nodular goiters 
required larger total amounts of isotope 
than diffuse goiters but less per Gm. of 
thyroid. Previous therapy with thiouracils 
for long intervals or with thyroidectomy 
did show statistically significant differences 
in the quantity of radioiodine needed, 
except insofar as they affected the quantity 
of thyroid tissue present. 

The value of the administration for short 
intervals of propylthiouracil before, and of 
potassium iodide after radioiodotherapeusis 
is discussed along with many other factors 
affecting the results of therapy. 
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R adioactive iodine eight day 

half-life) is an agent for the treat- 
^ ment of toxic goiter which has been 
studied at tlie Presbyterian Hospital for 
the past three years. The present report 
summarizes our experience in 103 patients. 

Wdien this work was initiated, informa- 
tion concerning dosage was scant. ^ Hence 
the first patients were treated more or less 
empirically. On the basis of known physical 
data and from previous experience with x- 
ray therapy it was calculated that a dose of 
3 to 4 millicuries of would deliver a 
satisfactory irradiation to a moderate sized 
thyroid. It was soon noted that failure to 


what less than the desired amount of I^^^ per 
Gm. of gland tissue and smaller ones some- 
what more. Those patients failing to show 
remission within four months on such 
dosage were retreated. A final third dose 
was given to the few patients who remained 
uncontrolled four months later. 

Forty patients were treated prior to 
January, 1948, and sixty-three patients from 
then to February, 1949, with a follow-up 
period of from almost three years to a 
minimum of at least four months. The 
results obtained indicated considerable suc- 
cess in inducing remission of hyperthyroid- 
ism by means of radioiodine (P®^. 


respond to this dosage occurred mostly in 
patients with initially large glands and in 
those markedly thyrotoxic.® A second dose 
of 3 to '4 me. was given to most of these 
patients four months after the initial treat- 
ment but with no better response.^ By 
January, 1948, the accumulated data indi- 
cated that about 50 to 100 juc. I^®^ retained 
per estimated Gm. of thyroid tissue resulted 
in satisfactory remission in a high per- 
centage of cases.® Since the average reten- 
tion of P®i after ingestion is about 50 per 
cent of the administered amount, the 
administration of approximately 100 to 
200 lie. per estimated Gm. of gland weight 
would approach the desired goal. A total 
dosage of about 3 to 15 me. would thus be 
required. However, for fear of inducing a 
high incidence of hypothyroidism it was 
decided to limit the highest dosage to 6.5 
me. and to retain the lower limit at 3 me. 
Larger glands accordingly received some- 

From the Departments of Medicine and Radiology, 
urgeons, New YorL This investigation was supported (in 
Fellowships of the National Institutes of Health. 

Chemistry, American Medical Association. 


. METHODS 

The earlier methods of Hertz, i Hamilton and 
Soley2 and others®’’^ for radioiodine therapy in 
hyperthyroidism have been reported. The rela- 
tive merits of P®“ (twelve hour half-life) and P®i 
(eight day half-life) have been discussed.® At 
the present time, with readily available from 
the atomic pile at Oak Ridge, the shorter-lived 
isotope no longer is employed. P®^ was made 
available by the Atomic Energy Commission for 
investigative use in September, 1946. Since then 
the material has been obtainable in relatively 
large quantities, at low cost and essentially 
carrier-free (that is, not mixed with stable 
iodine). This last specification is important since 
it insures against the production of unwanted 
biologic effects due to iodine per se, as opposed 
to the desired radiation effects resulting from 
thd gradual breakdown of the radioiodine. 

Adequate arrangements are necessary for the 
safe handling of iostopes to avoid radiation 
dangers. The establishment and maintenance 

Presbyterian Hospital and the College of Physicians and 
part) by a research grant from the Division of Research 
Aided (in part) by a grant from the Council of Pharmacy 
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of these precautions was made the responsibility 
of a health officer. There were a number of 
problems connected with the clinical use of 
radioiodine. These included handling the iso- 
tope prior to its administration to the patient 
and the subsequent proper disposal of the 
patient’s excreta. The avoidance of irradiation 
of other individuals from the material in the 
patient had to be considered although this 
hazard is generally not incurred to a significant 
extent in the treatment of hyperthyroidism. 
These problems have been discussed in detail 
elsewhere.® 

The subject of radioiodine standardization 
has been the source of considerable confusion. 
“Millicuries,” as reported in the literature, may 
represent widely discrepant values.*® All clinics 
in New York City have for two years employed a 
“New York millicurie” (corresponding, fortu- 
nately, to the one already employed in this 
clinic). This unit is about 1.4 times as great as 
the millicurie used by Oak Ridge until July 1, 
1949, and is within 10 per cent of the unit now 
in use there. All doses herein reported are in 
terms of the New York millicurie. 

The desired amount of I*®* for either tracer 
or therapeutic use is diluted in water for inges- 
tion by the patient. The container is then care- 
fully rinsed and the washings also swallowed to 
insure against loss of activity. The patient need 
not be in the fasting state unless the rate of 
accumulation of radioiodine in the thyroid** 
is being studied. Twenty-four hours after inges- 
tion of the I*’* the uptake by the thyroid is 
measured.*® At this point uptake is usually 
maximal and tends to reach a plateau. 

Per cent uptake is determined by direct 
measurement over the thyroid gland with the 
Geiger counter. Necessary' precautions in mak- 
ing such measurements have been discussed in 
detail elsewhere.® It is sufficient to point out 
here that the counter must be at a great enough 
distance and have a large enough aperture so 
that radiation from the entire gland is measured. 
Approximation of thyroid uptake from urinary' 
excretion is definitely less satisfactory’*® *^ and 
has been used at the Presbyterian Hospital only 
to supplement uptake studies. 

Knowledge of I*®* uptake by the thyroid is 
important in calculating radiation delivered to 
the gland. The radiation delivered to the 
thyroid depends both on the amount of I'®* 
dejwsitcd per Gtn. of gland tissue and its rate 
of biologic elimination due to secretion as iodine- 


containing hormone. The formula for calculat- 
ing dosage is: 


Equivalent roentgens (e.r.) 

_ me. administered X % uptake 
gland \veight 


X effective 


half life X 160. 


The term “equivalent roentgen” has been 
devised to include both beta and gamma ray 
dosage since the “roentgen” properly applie.s 
only to X and gamma rays. For practical 
evaluation of dosage the roentgen and equiva- 
lent roentgen may be considered to be the same. 
The magnitude of the equivalent roentgen 
(e.r.) is essentially the same as that of the “rep” 
used by some workers. 

The determination of gland weight as used 
in the dosage formula is admittedly the least 
accurate part of the calculation. Gland size can 
be only roughly approximated. The practice of 
this clinic has been to rely on the results of 
palpation carried out by the same individual 
(S. C. W.) in all cases. Subsequent comparison 
of these estimates with a series of plasticine 
models representative of varying sizes of the 
thyroid is then made as an aid in classification.® 
Soley, after comparing his own estimates of 
gland size from palpation with those made from 
specimens obtained subsequently at operation, 
calculated a discrepancy of about 30 per cent 
between the two.*® This agrees with our own 
approximation of error involved. 

The term “effective half life” in the dosage 
formula above is used to express the deviation 
from the physical half life of eight days which 
results from the gradual loss of radioiodine from 
the gland as hormone secretion. If this elimina- 
tion or secretion did not occur, the isotope would 
remain in the gland for total decay, delivering 
its radiation at a rate determined by its eight 
day half-life. Actually, half the original amount 
of isotope taken up by the gland is found at 
between four and seven days, with an average 
age of six days. This shorter “effective half lifc 
establishes the actual rate of radiation. This 
“effective half life” has to be determined ’ 
experimentally for each individual patient by 
making weekly measurements of thyroid gland 
radioiodine content and plotting the disappear- 
ance rate. 

The factor 160 in the formula is the calculated 
radiation in equivalent roentgens when one 
microcuric of I*®* remains in 1 Gm. of tissue for 
total decay. This number depends on the disin- 
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tegration scheme of the isotope, the energy of 
the liberated radiations and their absorption 
coefficients in tissue.^® Thus the entire formula 
takes into account the number of microcuries 
deposited per Gm. of estimated gland tissue, 
and the “effective half life” as a correction factor 
to the theoretic dose calculated from the physical 
half life of the 

The selection of cases for therapy -was influ- 
enced by several factors. The diagnosis of toxic 
goiter was clear-cut and uncomplicated in all 
instances and was confirmed by repeated de- 
terminations of basal metabolic rate and of 
fasting serum cholesterol, and more recently by 
measurement of tracer uptake of radioiodine^- 
and of serum precipitable iodine. However, 
after January, 1948, an effort was made to select 
patients with large glands and high toxicity of 
hyperthyroidism. Primary unoperated toxic 
goiter and toxic goiter recurrent after operation 
were accepted for therapy but toxic nodular 
goiter was avoided. No patient was accepted for 
therapy under twenty-three years of age, except 
in two instances. 

CLINICAL DATA 

The patients in the present study are 
classified into two groups, those treated 
prior to January 1948 and those treated 
from then to February 1949. An analysis 
has been made of each group separately 
and of the combined experience. 

Series I. Patients Treated October, 1946, to 
January, 1948. This series numbered forty 
patients. There were twelve men and 
twenty-eight women. Ages ranged from 
eighteen to sixty-three. Twenty-four of the 
patients had unoperated primary toxic 
goiter; sixteen had a recurrence of toxicity 
after previous surgery. Protracted anti- 
thyroid drug therapy had been given with- 
out production of permanent remission to 
six cases. 

t The results of a single dose of 3 to 4 me. 
are presented in Table i. Approximately 
two ol three patients responded to a single 
dose. Two were operated because it was 
believed unwise to delay definitive treat- 
uient and the rest were treated a seeond 
time. Retreatment was given only if remis- 
sion Was not observed at follow-up four 
uionths after the initial dose. Retreatment 
December, I949 


brought the total number of remissions to 
thirty-three (84.6 per cent) with four more 
failures. One patient was lost to follow-up. 

Series 11. Patients Treated January, 1948 to 
February, 1949. This group numbered sixty- 
three patients. There were twelve men and 

Table 1 

results of treatment of toxic goiter 
WITH radioiodine I^^* 

October 1, 1946-January 15, 1948 


Total number of patients 40 

Primary toxic goiter ... 24 

Recurrent 16 

Dosage 3-4 me. 


Dosage 3-4 me. 



No. 

Per 

Cent 

Results after 1 dose only 



Remission 

29 

72.5 

Failure 

2 

5.0 

Retreated 

9 

22.5 

Hypothyroid 

Results after 1st and 2nd doses 

0 

0 0 

Remission 

33 

84.6 

Failure . 

6 

15.4 

Hypothyroid 

0 

0.0 

Lost to follow-up 

1 



fifty-one women. Ages ranged from seven- 
teen to sixty-eight. Forty-four of the patients 
had previously unoperated primary toxic 
goiter and nineteen had toxicity recurrent 
after surgery. Prophylthiouracil had been 
given over long periods without induction 
of permanent remission in thirteen cases. 

The results of a single dosage of 3 to 6.5 
me. is shown in Table ii, the size of dose 
given bearing a more or less direct relation 
to the size of the gland and toxicity of the 
disorder. Of the sixty-three patients in this 
group thirty-six were put into remission by 
a single treatment, one was believed too 
sick to warrant further uncertainty and was 
operated upon, two were lost to follow-up, 
three were made permanently hypothyroid 
and twenty-one were retreated. Retreat- 
ment was not given before three to four 
months following the initial dose. The 
dosage range for retreatment was the same 
as originally given, 3 to 6.5 me., although 
in any given patient a smaller gland and 
decline in toxicity frequently permitted the 
use of smaller dosage than initially used. 
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The total brought into remission after one 
or two treatments was forty-eight (81.3 per 
cent). One more patient was now considered 
too ill to delay definitive therapy with 
surgery and no others were lost to follow-up. 
No additional patients were made hypo- 

Table ii 

RESULTS OF TREATMENT OF TOXIC GOITER 

January 15, 1948-May 15, 1949 


Total number of patients 63 

Primary toxic goiter 44 

Recurrent toxic goiter 19 

Average BMR +40% 

Dosage 3-6 5 me. 



No 

Per 

Cent 

Results after 1 dose only 



Remission 

36 

59 0 

Failure. 

1 


Retreated . 

21 

36 1 

Hypothyroid . 

3 

5 0 

Lost to follow-up 

2 


Results after 1st and 2nd doses 



Remission . . 

48 

81 3 

Failure. 

2 


Retreated . . . 

5 


Hypotli>Toid . . . 

3 


Under observation . . 

2 


(probable remission) 

Results after 1st, 2nd and 3rd doses 



Remission . . 

52 

89 6 

Failure. 

2 

3 4 

Hypothyroid. . 

4 

6 9 

Under observation 

3 


(probable remission) 



Lost to follow-up. 

2 


Euthyroid and hypothyroid 

56 

96.5 


th)Toid. A tliird treatment \vith 3 to 6.5 me. 
was given to the five patients still toxic, 
again not until at least three or four months 
had passed from tlie time of the second 
dosage. Following this final effort the final 
number of cases in remission ^vas fifty-two 
(89.6 per cent); four (6.9 per cent) hypo- 
th^Toid, and in all, two (3.4 per cent) 
failures. Thus, about 95 per cent of the 
patients in this group were relieved of 
toxicity. 

Total Series. A summary of the total 
experience is shown in Table ni. There were 
103 cases. Twenty-four were men and 
seventy-nine were women. -Ages ranged 
from seventeen to si.xty-eight. Sixty-eight 


represent primary toxic goiter; thirty-five 
had toxicity recurrent after surgery^ The 
basal metabolic rate ranged from +12 to 
+76 per cent, with well over 85 per cent of 
the values higher than +20 per cent. The 
figures for treatment with an initial dose of 

Table m 

RESULTS OF TREATMENT OF TOXIC GOITER 

October 1, 1946-May 15, 1948 


Total number of patients 103 

Primary toxic goiter 68 

Recurrent toxic goiter 35 

Dosage. 3-6 5 me. 



No 

Per 

Cent 

Results after 1-3 treatments 



Remission .... 

85 

87.6 

Failure .... 

8 

8.2 

Hypothyroid . . 

4 

4.1 

Euthyroid and hypothyroid 

89 

91.7 

Under observation . . 

3 


Lost to follow-up . 

3 



between 3 to 6.5 me. show sixty-five (61.3 
per cent) remission, three (3 per cent) 
hypothyroids, three (3 per cent) failures and 
three lost to follow-up. The results of the 
second and third doses are shown in Tabic 
in. The cumulative effect of tlie treatments 
show eighty-five (87.6 per cent) in remis- 
sion, four (4.1 per cent) hypothyroid, eight 
(8.2 per cent) failures and three lost to 
follow-up. Three patients arc still under 
observation. The total relieved of hyper- 
thyroidism and either euthyroid or hypo- 
thyroid is eighty-nine (91.7 per cent). 

Analysis of Results from an Initial Dose of 

Series I. An analysis of the failures in 
this group has been reported before.^’ 
Large glands inevitably receive less radia- 
tion than small ones when a constant 
dosage of I*®' is used. The results in this 
group suggested that dosages of 100/200 
/ic/cstimatcd Gm. gland of tissue and a 
radiation greater than 5,000 e.r. gave the 
best insurance of success. Gland size was 
noted to have returned to normal in almost 
every' instance of successful therapy' but 
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enlargement generally persisted in the case 
of failure. 

Series 11. This group was treated with 
varying dosage in an attempt to provide 
100-200 juc. per estimated Gm. of tissue and 
thus approximate 5,000 e.r. as suggested by 



Fig. 1. Graph showing basal metabolic rate and gland 
size before therapy and total radiation received 
in patients entering remission after a single treatment. 


the analysis of results from Series i. A limit 
of 6.5 me. was set, however, despite gland 
size (see “Methods”). 


Table rv 

TABLE OF DOSAGE RANGE TREATMENTS 
SINCE JANUARY 15, 1948 


Dose 

Remission 

Failure 

6.5 me. 

0 

1 

6.0 

6 

1 

5.5 

7 

2 

5.0 

18 

5 

4.5 

9 

2 

4.0 

9 

13 

3.5 

7 

1 

3.0 

3 

3 


The successful and unsuccessful results of 
a single dose of in this second series have 
been correlated with the dosage per esti- 
mated Gm. of gland tissue and with the 
radiation received by the entire thyroid. 
(Tables iv to vi; Figs. 1 and 2.) It is readily 
seen that the initial goal of dosage was only 
roughly achieved and that an even wider 
range of radiation resulted. The variability 
m gland uptake and in “effective” half life 
accounts for much of the latter. It is evident 
that there is no great difference in die 
dosage per estimated Gm. of gland or radia- 

■^ecember, 1949 


tion received between those patients brought 
into remission or those representing failure 
of treatment. 

Gland size almost uniformly returned to 
normal with remission and not with failure. 
However, gland size was not entirely re- 
duced in 8 per cent of successfully treated 
patients. 



Fig. 2. Graph showing basal metabolic rate and 
gland size before therapy and total radiation 
received in patients not entering remission after a 
single treatment. 


Table v 

TABLE OF dosage PER ESTIMATED DM. OF GLAND WEIGHT 
treatments SINCE JANUARY 1 5, 1 948 


Dose/Estimated 

Gm. 

Remission 

Failure 

300-349 

1 

0 

250-299 

3 

1 

200-249 

4 

1 

150-199 

5 

4 

100-149 

22 

6 

50- 99 

22 

16 

0- 49 

1 

1 


Table vi 

TABLE OF EQUIVALENT ROENTGENS 
TREATMENTS SINCE JANUARY 15, 1948 


E.R. 

Remission 

Failure 

10,000 up 

5 

3 

9,000-9,900 

3 

1 

8,000-8,900 

6 

1 

7,000-7,900 

5 

1 

6,000-6,900 

10 

6 

5,000-5,900 

9 

5 

4,000-4,900 

8 

5 

3,000-3,900 

8 

4 

2,000-2,900 

4 

1 

1,000-1,900 

1 

1 
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Complications after Therapy 

The incidence of major complications 
following therapy in the series of pa- 
tients treated since January, 1948, is shown 
in Table vii. 

Hypothyroidism. No critical level of dos- 
age was found at which hj-pothyroidism 

Table vn 

TABLE SHOWING INCIDENCE OF MAJOR COMPUCATIONS 
FOLLOWING l'*' TREATMENT, SINCE JANUARY 15, 1948 


Hypothyroidism 

Permanent 4 

Transient 3 

Diplopia and orbital edema 2 

Heart failure after therapy 1 


could be avoided and remission of toxicity 
insured. Permanent hypothwoidism oc- 
curred at 11,800, 8,200, 7,700, 2,690 e.r. 
and with 230, 110, 65, 35 jzc/estimated Gm. 
of gland tissue. Hypothyroidism, clinically 
evident and with appropriate laboratory 
findings, occurred transiently about the 
third month after dierapy and cleared by 
the fourth month or so in seven patients 
given a wide range of dosage and of radia- 
tion. However, one patient still hypothy- 
roid six months after P^' dosage was given 
thyroid orally for the next six months and 
was found to have regained normal th>Toid 
function upon stopping tliyroid medication. 

Thyroiditis. Tenderness and pain over 
the thyroid in the first few weeks after 
therapy occurred in three instances. How- 
ever, a very firm feel to the gland may be 
noted in most instances one month after 
therapy, giving way to a softer consistency 
as the gland decreases in size. It becomes 
normal in consistency usually by four 
months after therapy, if still palpable. 

Tracheitis and Laryngitis. Cough and 
hoarscne.ss of the voice was noted in the first 
seric,s of eases but not in the second group. 
The reason for this discrepancy is not clear. 

Parathyroid Tetany. No instance of injury 
to the paratluToids was noted, clinically. 

Exophthalmos. Care was taken to avoid 
cases suggestive of th)Totrophic, malignant, 
ophthalmoplegic exophthalmos. Significant 
advance in exophthalmos was observed in 
only two instances and occurred by the 
first imimh after therapy. It was associated 


with diplopia and mild chemosis. Treat- 
ment witli desiccated th^Toid was instituted 
in each instance with arrest of the eye 
changes, if not actual improvement, al- 
though whether this was coincidental or 
was cause and effect is not apparent. 

Transient Exacerbation of Toxicity. A flare- 
up in toxicity, exactly similar to tliat seen 
after x-ray therapy, has been observed. The 
serum precipitable iodine was studied*®' 
and could be shown to rise concurrent with 
this exacerbation of hyperthyroidism. 

Heart Failure. The appearance of heart 
failure as a result of flare-up of toxicity has 
not been observed. However, one patient 
developed heart failure during the first 
eight months of unsuccessful dosage but 
refused surgery and was finally controlled 
by a third dose of I*®*. Two patients with 
heart failure have been treated successfully 
xvith 

COMMENT AND CONCLUSIONS 

It is clear that internal radiation with I*” 
offers a simple, highly effective method of 
treating toxic goiter. The results have been 
consistently good in all series so far re- 
ported®’*®’ and enough patients have 
been treated to permit a sound appraisal. 
I*®* therapy has one great advantage over 
surgery. It avoids the severe complications 
w'hich occasionally result from operation, 
such as recurrent laryngeal nerve injury 
and tetanyc It has the disadvantage that an 
average of si.x to eight weeks may elapse 
from the time of treatment until remission 
is induced during which time the patient 
continues to be toxic. Also, an initial dosage 
docs not insure a greater than two in three 
chance of remission. Thus, a second or third 
treatment may be necessary, each time with 
several more months of persistent toxicity 
although this generally becomes progres- 
sively milder with each dose. These objec- 
tions to I*®* therapy arc, however, relatively 
minor. Most patients would undoubtedly be 
treated in this way were there not another 
and major obstacle to its general applica- 
tion. It is feared by some that later malig- 
nancy may be induced in the thyroid as a 

AMFRICAN journal OF UEDICI.NF 



737 


Radioactive Iodine Therapy of Hyperthyroidism — Werner et aL 


result of the effects of a radioactive agent. 
It has been shown by radioautography^® 
that tliere is an irregular collection of the 
isotope wdthin the thyroid gland following 
administration. This has suggested that 
some cells may receive disproportionate and 
undue radiation during radioiodine therapy. 
This uneven radiation, it is held, makes it 
likely that malignant degeneration in the 
gland may appear fifteen to twenty years 
hence. 

On the other hand, such malignant 
change has not apparently been noted 
following this interval after external radia- 
tion therapy of the gland by x-rays.^® More- 
over, as pointed out by Dr. Robley Evans,*’ 
it is generally a chronic radiation of low 
intensity which is associated with tlie de- 
velopment of later malignant change and 
not the brief and much more intense radia- 
tion provided by Despite these argu- 
ments in favor of and against the likelihood 
of later malignancy following P^^ therapy, 
the issue has not been settled and remains 
conjectural. One approach to the problem 
has been to limit treatment of uncom- 
plicated toxic goiter, with P^^ to patients in 
the older age groups, forty-five years or 
over. 24 Survival much beyond twenty years 
IS unlikely and hence the seriousness of 
later cancer formation is greatly minimized. 
This program allows for continued experi- 


ence with the isotope and permits definitiv( 
therapy of the complicated case, such a 
the cardiac in whom surgery is inadvisable 
However, rigid restriction to the age limi 
of forty-five is probably inadvisable. Th< 
younger patient who refuses surgery, or i: 
oot suitable for it and who is not brough 
ypenission by external radiation oi 
chronic therapy with antithyroid drug: 
probably should be given the benefit of 
since this method will almost certainly in 
oce remission. On the other hand, the 
^ olescent age group and younger, i.e. 
^om about age twenty, probably shoulc 
^t be treated under any circumstance ir 
t e present state of knowledge. 

•Ihe above discussion holds for primary 
previously unoperated toxic goiter. The 
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problem of radioiodine therapy for toxic 
goiter recurrent after operation is different. 
Here, unlike the situation with primary 
hyperth^Toidism, a marked superiority of 
therapy with over surgery has been 
demonstrated. Moreover, the other methods 
of treating primary goiter are found to be 
far less effective in the instance of recurrent 
hyperthyroidism than they are in the previ- 
ously unoperated disease. Thus recurrent 
toxic goiter probably should be treated by 
preference with P®^ since its greater efficacy 
would appear to outweigh the theoretic 
objections to its use. 

To establish this point a rough compari- 
son of the results after P®^ with those after 
other modalities is presented. Radioiodine 
apparently produces the same 90 per cent 
ultimate remission rate in recurrent toxic 
goiter as it does in primary hyperthyroidism. 
This plus a 7 per cent incidence of hypo- 
th)Toidism makes a total of 97 per cent of 
hyperthyroid patients relieved of toxicity, 
whether recurrent or not. A second surgical 
procedure on the other hand, once toxicity 
has recurred, is generally conceded to be 
only about 50 per cent effective, while a 
third operation is perhaps even less effec- 
tive.*® This is apart from the sharply in- 
creased technical difficulty of reoperation 
and the added risk of serious complications 
such as injury to the recurrent laryngeal 
nerve and parathyroid glands, and other 
well recognized complications. 

The reports concerning external radiation 
with x-ray have not been specifically 
analyzed for its effectiveness in recurrent 
toxic goiter. However, everyday experience 
indicates that the efficacy of the method in 
recurrent goiter is not better than the 60 to 
80 per cent remission rate achieved in 
primary unoperated toxic goiter^®’ and 
appears to be even less. Protracted therapy 
with antithyroid drugs is surprisingly inef- 
fective in recurrent toxic goiter and is 
considerably less than the 40 to 60 per cent 
remission rate generally obtained in the 
previously unoperated group. 

There is no apparent dividing line in 
amount of administered dosage, dosage per 
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estimated Gm. of gland weight, or radiation 
received by the gland which distinguishes 
successful tlierapy from failure. There is 
considerable overlap in the distribution 
cur\'cs of all these factors for those patients 
entering remission and those failing to do so. 

It is nevertheless a fair generalization that 
patients with high toxicity and large glands 
usually require larger initial as well as total 
dosage than do those with lesser toxicity 
and smaller glands. Similarly the amount 
of dosage and of radiation which will pre- 
vent hypoth^Toidism cannot be defined. 

What the factors are which condition 
gland tissue responsiveness to internal 
radiation have not been completely elabo- 
rated. Presumably vascularity and distribu- 
tion of colloid play an important role. The 
over-all result after such therapy is gland 
shrinkage and subsequent fibrosis although 
this may be surprisingly little for the first 
year after treatment. 

Since the efficacy of therapeutically 
is dependent upon an adequate uptake of 
the isotope by the th^Toid, agents blocking 
such uptake must be avoided. Thus ante- 
cedent stable iodine whether administered 
as sodium iodide or Lugol’s solution or as 
an organic iodine compound during intra- 
venous pyelography or with gallbladder dye 
will block iodine uptake.'- In general, two 
weeks without stable iodine after brief 
periods of such therapy, or four weeks 
following more prolonged administration, 
will suffice to permit I'^' to be given success- 
fully. Similarly, preceding antithxToid drug 
administration will block P®' uptake.'- This 
effect may wear off in one to four days but 
may require several months before uptake 
again becomes sufficient to permit treat- 
ment with the isotope. 

The incidence of malignant th\Toirophic 
exophthalmos after I'"' tlierapy dcscr\'cs 
mention. This complication has been seen 
at the Presbyterian Hospital following 
chronic treatment with antithyroid drugs 
and ic well known after surgery. It is ap- 
parently not a particular hazard of external 
radiation therapy although eye changes 
have been noted after the use of I'^', both 
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in the present series and elsewhere.^' These 
changes have been relatively mild in the 
present experience and became arrested 
before much advance occurred. This halt 
in progression was associated with the 
administration of th\T:oid but may have 
been spontaneous. Since all modalities of 
treatment for toxic goiter entail the risk of 
subsequent malignant exophthalmos, except 
possibly x-radiation, there is no particular 
choice between the other methods and P^' 
in this respect, at least according to present 
information. However, definitive therapy 
for the hyperthyroid aspect of the syndrome 
probably should be avoided where malig- 
nant exophthalmos appears a likely after- 
math, unless relief of toxicity becomes 
absolutely necessar)^ If I'^' then should be 
employed, smaller 'dosage than usual is 
probably advisable. This may avoid too 
sharp and rapid a reduction of circulating 
thyroid hormone, with consequent release 
of excess thyrotrophin by the anterior 
pituitary, a possible cause for worsening of 
malignant exophthalmos according to the 
pituitary concept of patltogenesis.^'' 

The treatment of toxic nodular goiter 
with P^' has been avoided in the present 
series, with one or two exceptions. The 
incidence of complicating malignancy in a 
nodular goiter with hyperthyroidism is 
extremely low. Nevertheless, a nodule repre- 
sents a complication of hyperthyroidism 
and therefore surgery would seem to be the 
treatment of choice. Crile has found this 
type of goiter to be unusually resistant to 
P®', requiring unusually high dosages of the 
isotope to establish remission.*^ 

Finally, the transient flare-up in toxicity 
which may follow P^' therapy descr\'cs note. 
This is a real increase in hyperthyroidism 
and is associated with a rise in scrum pre- 
cipitable iodine titer.'® As a consequence, 
there exist the possibilities of cardiac failure 
and of the onset of arrhythmia. These should 
be watched for. Also there is a definite 
awareness by the patient of the exaggerated 
toxicity and increasing anxiety becomes ap- 
parent. ^Varning of the possibility of tins 
event may help a little in tiding the patient 
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over this period. Studies are now in progress 
to establish whether stable iodine or anti- 
thyroid drug administered subsequent to 
therapy may not avoid this complica- 
tion without at the same time interfering 
with the efficacy of the isotope. 

SUMMARY 

1. The results of therapy for toxic 
goiter are presented. One hundred three 
patients were treated with dosage between 
3 to 6.5 me. 

2. The method used and the calculation 
of radiation are outlined. 

3. The results are analyzed in terms of 
number of treatments, total dosage per 
treatment, dosage per estimated Gm. of 
thyroid tissue and radiation received by 
the gland. About 92 per cent of all the 
patients were relieved of hyperthyroidism; 
about 97 per cent in those treated more 
recently, 

4. The use of radioiodine therapy in 
primary previously unoperated goiter should 
be restricted in general to the older age 
groups. 

5. psi is the method of choice in treating 
recurrent toxic goiter, when hyperthyroid- 
ism has reappeared after surgery. 

6. The important complications affecting 
P^^ therapy are discussed. 
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Effect of Adrenocorticotrophic Hormone 
(AGTH) on Rheumatoid Arthritis* 

Charles Ragan, m.d., Albert W. Grokoest, m.d. and Ralph H. Boots, m.d. 

New York, New York 


T his report deals with observations 
on eight patients with rheumatoid 
arthritis who have been treated with 
adrenocorticotrophic hormone (AGTH). 
The dramatic symptomatic response of pa- 
tients with rheumatoid arthritis to the 
administration of AGTH described by 
Hench et al.^ has been amply confirmed. 

An understanding of the mechanism of 
this response or, in fact, of the mechanism 
of the activity of rheumatoid arthritis has 
not yet been found. Before the advent of 
cortisone and AGTH for clinical usage any 
decrease in activity of rheumatoid arthritis, 
when it occurred, took place gradually. 
With AGTH, and as reported by Hench 
with cortisone,^ a rapid and complete defer- 
vescence of activity takes place and activity 
usually returns when the medication is dis- 
continued. This type of response suggests 
that the primary cause of the disease may 
not be affected by the administration of 
cortisone or AGTH, the effects being only 
on those factors which constitute the reac- 
tion of the host to the mechanisms that 
initiate and sustain the disease. These 
secondary factors constitute what is vaguely 
termed "activity” of the disease. Some of 
them are purely subjective, such as pain, 
easy fatiguability, lassitude and general 
malaise. Others are objective and capable 
of measurement, such as the inflammation 
of the joints, rapid erythrocyte sedimenta- 
tion rate, fever and anemia. 

Most of pur studies to determine the 
mode of action of AGTH in rheumatoid 
arthritis gave negative results. The data are 
recorded to save repetition on the part of 


subsequent workers on this problem. A few 
possible leads as to the mechanism of action 
are presented but these require more ex- 
tensive study and confirmation. 

clinical data 

Plan of Treatment. Eight patients with 
rheumatoid arthritis have been treated with 
AGTH. All received the hormone intra- 
muscularly in divided doses every six hours, 
save for one woman, aged sixty-two, who 
was treated for seventeen weeks. At the 
start this woman received 60 mg. a day. An 
attempt was made to discover the lowest 
dose capable of inducing remission. With 
5.0 mg. three times a day, pain and stiffness 
recurred. With 10 mg. twice a day she was 
relatively free of activity. She was maintained 
on 20 mg. a day in two doses for six weeks, 
then treatment was stopped for thirty-six 
hours when symptoms of muscle aches, 
stiffness and joint pains recurred; treatment 
with 25 mg. a day in two doses was then 
resumed. One man, aged thirty-nine, re- 
ceived AGTH for twenty-seven days. He 
remained in remission on the initial dose of 
60 mg. a day for six days. This was reduced 
to 40 mg. a day for eleven days, and then 
to 30 mg. a day for seven days. On dosages 
of 15 mg. a day for three days symptoms 
recurred in a mild form. The remainder of 
the patients were three men aged forty- 
three, forty-five and forty-nine, and three 
women, eighteen, thirty-four and forty. 
These patients received six to ten days of 
treatment with 40 mg. of AGTH daily, with 
an initial daily dose of 100 mg. Two of these 
patients received a second course of six and 
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-even days following a twcnty-onc-day 
imciwal without the hormone. The age of 
the patient, the duration of disease in each 
.ind tlie duration of .\CTH treatment arc 
-liown in Table i. 

Subjective Response. The dramatic clinical 
icsponce of the patient with rheumatoid 
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arthritis to the administration of ACTH has 
iieen ronfirmcd with no c.\xcptions. The 
improvement is rapid, as Hcnch' has stated, 
with relief of stilTnc'^s within twelve to 
tueniy-four hours followed rapidly by a 
(ienea''e in pain, riic sedimentation rate 
fell markedly in all of our patients. We 
h.ive been impressed with the rapid im- 
[Hovement in all clinical aspects of the dis- 
order. joint inflammation and swelling, 
mmeular stiffness and protective spasm, 
fever and tachycardia, but the most rapid 
ehanue has been in the .skeletal muscle 
component. In all patienLs studied the relief 
of stiffness after inactivity— notably on aris- 
imt in the morning has ix-en noteworthy. 

In all but one patient, a return of activity 
irittirred promptly when the medication 
u.is tliscontinued. 'I'he e.xception was in a 
'•.Oman uho-'- euphoria developed into a 
mani.i which persisted for eleven day.s after 
.\Crrn was discontinued and was termi- 
n.strd by electroshock therapy, 'rwcnty-flvc 
d.tys .after .VCn'H was discontinued, joint 
p.vm w.t< minima! alfhougti the erythrocyte 
'•'';!i;ti''nt.ition rate had ri'en slightly. I’lie 


rclapsc in the other cases was brisk and 
violent and appeared witliin twelve to 
twenty-four hours of discontinuance of the 
drug. For a period of four to ten days 
following cessation the arthritis was as 
severe as or worse than prctrcatmcni. How- 
ever. following this violent relapse there 
was a period of return of well being during 
which some of the improvement gained 
during treatment was maintained. 

Subcutaneous Rheumatoid .Xodules. ^V e hav'c 
treated two patients who presented the 
typical subcutaneous nodules frequently 
seen in patients with rheumatoid arthritis. 
The nodules were juxta-articular below the 
olecranon process. One patient, M. M., 
had had a nodule removed in October, 
1948, from the left forearm. This had the 
microscopic appearance of a t}q)ical rheu- 
matoid nodule.- On the right elbow a 
similar nodule was present which, when 
treatment with ACTH was started on May 
24th, was approximately the same size as 
that removed in October from the left. 
.After two weeks of treatment the nodule 
on the right was felt to be smaller and 
apparently was fragmenting, as several 
smaller nodules could be felt. Thc.se con- 
tinued to decrease in size and on June 29th, 
after thirty-five days of ACTH treatment 
during which the patient continued in rc- 
mi.ssion, the nodule was removed with the 
olecranon bursa. The synovial surface of 
the bursa contained .several projections 
which the surgeon thought were villi but 
on section these proved to be rheumatoid 
nodules with large central areas of fibrinoid 
necrosis surrounded by dense collagen in 
which were palisaded rows of large mono- 
nuclear elongated cells, similar histologically 
to the nodule removed before treatment 
with ACTH. In the area of collagen many 
thick-walled capillaries were se<'n and many 
fibroblasts and epithelial cells. Only oc- 
casional lympliocytes could be identified 
and these were le.ss in number than in the 
first nodule removed before treatment. One 
other patient presented juxta-articular nod- 
ulc.s on i)oth cIIkjw.s which grew mueli 
smaller on ten day.s’ treatment with .ACT H. 
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Flexion Contractures. It has been held 
that the flexion contractures which occur 
in a large number of patients with rheuma- 
toid arthritis result from two factors; (1) in- 
trinsic disease of the skeletal musculature 
and (2) a process secondary to muscle 
splinting of painful joints.^ The more power- 
ful flexor groups overcome the weaker ex- 
tensors. In our experience, using slow-acting 
curare preparations, flexion contractures of 
recent origin may be overcome by depress- 
ing the myoneural junction.^ With ACTH 
a similar but much more dramatic and less 
evanescent effect on flexion contractures 
was observed. Those of recent origin 
promptly returned to full extension. Those 
of longer duration (some five years) showed 
evidence of increasing extension. In these 
we have not continued treatment long 
enough as yet to state whether or not full 
extension may be regained but the results 
are definitely encouraging. Improvement 
was most marked in the flexion contractures, 
which apparently do not return as rapidly 
as does the symptomatic relapse or the 
laboratory relapse. 

Heart Size. Two of the eight patients 
have shown a definite increase in heart size 
while on treatment with ACTH. No signifi- 
cant increase could be detected in the other 
six. In one patient this increase was approxi- 
mately 2 cm. and was not modified by 
sodium restriction. The second patient 
showed an increase of 1.9 cm. in a six-day 
period of treatment with a weight gain of 
3.4 Kg. On a subsequent course of ACTH 
for six days with fairly rigid sodium restric- 
tion there was no weight gain, an increase 
in heart size of only 0.5 cm. occurred and 
there was no decrease in hematocrit. In 
the other patients sodium was not restricted 
and slight hemodilution, as measured by 
hematocrit, was noted in five of six patients 
studied. 

CHEMICAL CHANGES 

Sodium and Potassium. Changes in sodium 
and potassium excretion have been de- 
scribed following the administration of 
ACTH.®’® Balance studies were made in 
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one of our patients,' A. A. This patient' was 
maintained on a constant diet and-tweiity- 
four-hour urine sodium and' potassium 
determinations were made, using the flame 
photometer.* With 60 mg. of ACTH daily 
there was marked retention of sodium and 
a minimal increase in potassium excretion. 
This was not mirrored in the serum sodium 
or potassium which changed relatively 
little but was associated with a weight gain 
of 3 Kg. When the ACTH was cut to 40 mg. 
per day, after six days at a dosage of 60 mg., 
there was a slight sodium diuresis and the 
gain in weight continued at a slower pace. 
However, the arthritis continued in remis- 
sion. After eleven days at a dosage of 40 mg. 
the dose was decreased to 30 mg. and there 
was a considerable sodium diuresis with a 
loss of 2.2 Kg. in weight, which reached 
the pretreatment level. The arthritis con- 
tinued in remission. After seven days at a 
dosage of 30 mg. the dose was reduced to 
15 mg. and there was a marked sodium 
diuresis with weight loss to 1 kilogram 
below pretreatment levels. The arthritis was 
in partial but not complete remission al- 
though the erythrocyte sedimentation rate 
(ESR) remained low. After three days on 
a dosage of 15 mg. the drug was discon- 
tinued and in the next twenty-four hours 
there was a one-day diuresis of sodium 
followed by no further weight loss but with 
a very prompt return of symptoms, rise in 
ESR and fever. 

All eight patients with rheumatoid arth- 
ritis whom we have treated have gained 
weight temporarily on ACTH. This weight 
gain has been between 1 and 4 Kg. 

One patient developed a low serum 
potassium, 2.7 m.Eq./L. (pretreatment 4.4), 
after thirteen days on ACTH. Subsequently, 
after sixty days’ treatment at a dosage of 
25 mg. the serum potassium remained at 
about 3.7 to 3.9 m.Eq./L. while ingesting 
1.8 Gm. of potassium chloride in addition 
to her diet. There were no symptoms associ- 
ated with the low potassium level. The 
serum sodium concentration varied con- 

* We are indebted to Dr. Kermit Pines for these 
determinations. 
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sidcrably and did not mirror weight changes After treatment was discontinued tlierc was 

or hcmodilution. a slight fall. In the other patient there was 

Uric Acid Excretion. An increased c.xcre- apparently a definite but small rise in uric 
tion of uric acid has been described follow- acid e.xcrction which decreased Avhen medi- 
ing the administration of ACTH.®*® W’c cation was stopped temporarily and then 

have followed urinary uric acid in two rose again when ACTH was resumed. 



i/34 74 if ?5 t/l • -J 1 o 11 IJ IS 17 19 31 P.ac I.' 14 14 18 » 

I to. 1. Patient M. .M., urine uric acid excretion. Uric acid — mg. per tu'cnty-four hours; ACTH — mg. 
f>rr t^^cnt>•-four iiours. 



! \ . urine uric acid .-md r.itroccn exerctien; p-itimt on .1 conit.nnt diet. Uric .ncid— mp. 

;v-- ft-: hour-!. nitn-o-TTi—nn- ffr turritv-four imun; .•VCTTH~mg. p^r tv.'cnty-four hours 


p.itsrnt': f iV'. 1 and 2.) In one. fever in thf Urinr .\itror;cr. Excretion. An incrca.se in 
lo.'itro! pr-ritKi rn;'.y have mnd*;cci any sit:- urine nitrogen c.xcrction has been described 
nifse.int r->c thsrint: the jKrriod of treatment. followini: the administration of .ACTH.® '' 
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This was followed in one patient on a con- 
stant diet (Fig. 2). There was a small in- 
crease in nitrogen excretion during the 
initial phase but this fell to control levels 
when the dose was decreased although 
clinical and laboratory remission continued. 


turned to approximately pretreatment levels 
in two patients studied within three weeks. 

Serum Proteins. The protein changes de- 
scribed by Hench^ have been confirmed. 
There is a rapid fall in ESR in all patients. 
In one patient with concurrent amyloidosis 
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Fig. 3. Patient M. M., creatine excretion. Creatine and creatinine — mg. per twenty- 
four hours; weight — kg.; ESR — mm. per hour (Westergren); ACTH — mg. per 
twenty-four hours; tryptic inhibitor — see Table ii. 


Creatinuria. An increase in creatinuria 
following the administration of ACTH to a 
normal subject has been described.® In two 
patients studied there was a large outpour- 
ing of creatine (Figs. 3 and 4) at one time 
during the treatment period. This increased 
creatinuria did not continue, however, 
throughout the period of treatment with 
its attendant remission. 

Serum Inorganic Phosphorus. This was fol- 
lowed in all patients. At some time during 
treatment with ACTH there was a definite 
drop in serum inorganic phosphorus in six 
of the eight patients. (Table 11 .) This re- 


this did not reach normal levels after treat- 
ment for a week. (Table ii.) In another 
patient treated for six days the fall was not 
to normal. In all others normal levels were 
reached within a week. In all who have now 
been followed after treatment was discon- 
tinued the ESR returned promptly to levels 
at or above pretreatment levels. This rise 
occurred promptly, with some rise becoming 
manifest usually within forty-eight hours 
after medication was discontinued. In 
three patients followed after ten to thirty 
days’ treatment there was a fall in total 
serum globulin and in euglobulin. Changes 
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in scrum albumin were less consistent. The 
ccphalin-floccuiation test was positive in 
one patient and this became negative witli 
treatment. (Table n.) 

Tr\-ptic inhibitor levels of tlic serum were 
followed using the method of Britten and 


changed to doubtful, in the patient, M. G., 
who developed acute mania. (Table iii.) 
The sensitized sheep cell agglutination has 
shown a similar variability in titer with 
some diminution on treatment and a return 
to higher titers on discontinuation of treat- 
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Fig. 4. Pntirm A. A., creatine excretion; same as Tii^urc 5. 
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( :lark.’'^' 'rh(\':e were above the normal range 
in the control period in all and fell appre- 
ciably in all during treatment, to return 
promptly when treatment was discontinued 
to levels at or above those seen in the control 
perifxi rfaljle ti.) 'I'he significance of this 
reaction is not known. 

(Ihiv.gfs, .-\pj)roNimatcly 50 
per cent of patients with rheumatoid arth- 
titis have in their serum an agglutinin for 
group A hemolytic streptococci'® and about 
6’t to p^r cent have an agglutinin for 
srndti/rfi sheep cells.'- These two anti- 
lyvdics were foliov.ed in ail patients. There 
.V j'ittte v.-.r i.ibility in the titer of the group 
.\ strepts.'CiX'CU' tiggltuitta.tion but tlte reac- 
tf'tt rrtn.iineci jw-itive in ail but one in- 
•‘g’ticc in \srtich a positive agglutination 


ment. (Table iii.) Again, only one of eight 
patients showed a fall from the rheumatoid 
range to the normal range. Tliis patient, 
M. G., had only a weakly positive titer in 
the control period and the fall was only of 
one tube. On .subsequent c.xamination, 
while still on .'\CTH, the titer was at the 
pretreatment level. Since treatment was 
maintained in one patient for ten weeks 
and in another for four weeks, and since 
other changes in scrum proteins reverted 
toward normal and thc.se agglutinins per- 
sisted, it is possible that these antibodies 
may represent an integral part of the disease 
and may not be sccondar)' reactions to a 
chronic granulomatous process. It is also 
po<siblc that for reasons unknown the 
reversion to normal of these .serologic reac- 
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tions may be delayed and not take place Glucose Metabolism, Changes in carbo- 


during the period of treatment we have 
employed. 

One patient also had an elevated anti- 
streptolysin-O titer. This failed to change 
significantly during _twenty-seven days of 
treatment. 


Table ii 

HEMATOCRIT, PROTEIN AND PHOSPHORUS CHANGES 


Patient 

* 

Hem<Ttocrit — 

Per Cent Cells 

Weight — Kg. 

Albumin — 

Gm. Per Cent 

Globulin — o 

Gm. Per Cent 2. 

IS 

■Ie 

ESR— 

mm. per hour 
Westergren 

Ccphalin 

Flocculation 

Tryptic 

Inhibitor — 
mg. Equiv,! 

Inorganic 

Phosphorus — 
mg. Per Cent 

\V. O’T. 

1 

31.3 

60.6 

3.9 

5.0 

1.6 

145 

0 

2.2 

3.5 


2 

27.5 

63.9 

3.6 

3.9 

0.8 

90 

0 

1 .8 

3.0 

P. F. 

1 

45.3 

59.0 




44 


1 .6 

4.9 


2 

40.8 

61.0 




20 


1.2 

3.4 

M. G. 

1 

35.0 

46.5 




67 


1.6 

5.2 


2 

38.0 

47.6 

. . . 



5 


1 .2 

2.2 

A. A. 

1 


68.0 

4.4 

2.3 

0.5 

57 


2.6 

5 3 


2 


72.3 

4.4 

1.7 

0. 

4 


1 .4 

3.3 

M. M. 

1 


58.1 

3,6 

2 1 

0. 

31 


2.0 

3.6 


2 


61.4 

4.1 

1.7 

0. 

3 

0 

1 .2 

2.4 

E. E. 

1 

31.6 

42.3 




96 

+ 4* 


3.2 


2 

30.5 

43.8 




50 

+ 


3.4 

N. M. 

1 

42.1 

69.4 




76 



3.8 


2 

40.7 

72.7 




20 



4.1 

G. McS. 

1 

40.1 

59.4 




45 

0 


3.8 


2 

36.4 

60.3 




14 



2.8 


* 1, Control; 2, during treatment. 

t mg. equivalent to crystalline soya bean inhibitor when equal 
amounts of cr)’Stalline soya bean inhibitor and crystalline trypsin 
neutralize. 

Cholesterol Partitions. These were carried 
out in seven patients. There is apparently a 
wide variation in the serum cholesterol of 
patients with rheumatoid arthritis treated 
with ACTH. In five of the patients the 
period on ACTH was relatively uneventful 
and in four of these there was a rise in 
cholesterol, both free and esterified. (Table 
IV.) There was no change in the fifth 
patient. One patient whose euphoria ended 
in a hypomanic or manic state showed a 
marked drop in total cholesterol with the 
percentage of esterified cholesterol falling 

3 per cent. One patient had an attack of 
ureteral colic due to stone during the treat- 
ment period which inconvenienced him for 
a period of two days and this patient showed 
a drop in total cholesterol, again with the 
percentage of esterified cholesterol falling 

4 per cent. The significance of these changes 
is not clear. 


hydrate metabolism following the adminis- 
tration of ACTH have been observed.®’" 
Frequent fasting blood-sugar determinations 
were made during the treatment period in 
two patients who received ACTH for rela- 
tively long periods. Both of these patients 


Table in 

IMMUNOLOGIC CHANGES 


Patient 

♦ 

Streptococcus 

Agglutination 

Sensitized 
Sheep Cell 
Agglutina- 
tion 

Result 

Highest 

Titer 

First 

Tube 

W. O’T. 

1 

negative 

0 

0 

16 


2 

negative 

0 

0 

32 

P. F. 

1 

positive 

1/640 

+ + 

64 


2 

positive 

1/640 

+ + 

32 

M. G. 

1 

positive 

1/640 

+ + 

16 


2 

doubtful 

1/160 

+ + 

32 

A. A. 

1 

positive 

1/320 

+ + 

512 


2 

positive 

1/160 

“f -f- 

32 

M. M. 

1 

positive 

1/320 

+ + 

512 


2 

positive 

1/320 

+ + 

64 

E. E. 

1 

positive 

1/320 

+ + 

256 


2 

positive 

1/320 

+ + 

1024 

N. M. 

1 

positive 

1/640 

+ + 

32 


2 

positive 

1/640 

+ + 

16 

G. McS. 

1 

doubtful 

1/80 

+ ± 

128 


2 

doubtful 

1/80 

+ ± 

64 


* 1, Control; 2, during treatment. 


given 60 mg. of ACTH daily showed a 
slight elevation in fasting blood sugar, from 
85 to 120 mg. per cent. However, when the 
dose was lowered to 40 mg. a day, while 
the remission of the arthritis persisted the 
fasting blood-sugar levels approached those 
seen in the control period. Neither of these 
patients showed a significant glycosuria. In 
none of the other patients did a definite 
glycosuria appear. No sugar tolerance 
studies were carried out. 

Excretion of Glucuronic Acid and Gentisic 
Acid. With salicylate ingestion there is a 
prompt rise in urine glucuronic acid^® and 
in an ether-soluble chromogen believed to 
be gentisic acid.^'* Two patients receiving 
ACTH were followed for glucuronic acid 
and gentisic acid excretion. There was no 
increase in either. Thus two of the chemical 
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accompaniments of salicylate ingestion were 
not seen following the administration of 
ACTH. 

SferJal Changes. In all these patients 
there v.as some degree of the “euphoria” 
fle<rribcd by Hcnch.' It is to be noted that 


TaI'IX IV 
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in two of our paiii'ius on the second course 
of treatment with a similarly dramatic re- 
mission tliere was less of this euphoria. 
However, a constant fmding has Ijcen a 
subjective sense of inemal alertness, most 
m.irkeii at night, fhe patients state that 
they keep tliinking and are unable to sleep. 
(Jne p.stient was suijjeeted to psychometric 
tests during treatment and after it was dis- 
eontinued. No .ippreciable differenee could 
le* elicited, r.iectrocncephaiograms have 
teen done in all.* During treatment there 
.ityiv.irs. at variable times, an abnormal 
f,r,(i paiteju manifested by the appearance 
of inere.ising a.inoums of slow {5 second) 
•tetivitv. 'I his appeared in six of the eight 
p.nients ate! di'app'-.treri when tlie medica- 
tion. ‘a.'s cit'i untinueti, 

... /o- rx. Hench* has 

tiei; r«|s-ii the rnfisi:! !actr<, striae, .'unenor- 
rh'-.!. htr'mi^ni .su''! ti'* app'-.iring in 

'V'. 1- . j. ; t p- fj-,; H ,.f-r ' - 

?' i t • -“1* 'iK HI ,1 


palicnt.s treated with cortisone and Ad'H. 
In almost every one of our patients, upon 
earefiil search, some evidence of liN'per- 
adrenalism eould be detected associated 
with remission of the arthritis. This was 
manifested either as moon facies, slightly 
increased uric acid excretion, slight changes 
in carbohydrate metabolism, retention of 
sodium or a lowered scrum potassium 
concentration. 

COMMENTS 

These patients with rheumatoid arthritis 
were maintained in a state of remission on 
.\CTH.* The arthritis was completely qui- 
escent and only irreversible changes in bones 
and joints remained in the relatively short 
periods of treatment employed. With the 
dosage schedule used for control of rheu- 
matoid arthritis there was minimal .sodium 
retention, most readily detected by a sodium 
diuresis following withdrawal. Increase in 
nitrogen and uric acid excretion was mini- 
mal. Scrum inorganic phosphorus may be 
temporarily decreased in .some of the 
patients. A temporary but striking crea- 
tinuria appeared with treatment. The 
variability in scrum cholesterol follows no 
pattern and needs more elucidation. 

Rcv'crsion of the various protein al)- 
normalitics to normal under .ACTl’H treat- 
ment and their return to pretrcjitment levels 
upon cc.ssation of treatment suggests that 
these arc associated w'ith ''activity” of the 
disease resulting from the host response. 
Included in this group of disturbances are 
scrum globulin, ccphalin flocculation, K.SR 
and trj'ptic inhibitor levels. Serologic find- 
ings characteristic of rheumatoid arthritis 
remained abnormal in all but one instance, 
at least for the duration of therapy we have 
us»-d. The pathogenesis of these serologic 
changes is unknown l)tit a})[)arently thes<- 
alone of the many clinical and laboratory 
findings describcfl may persist for relatively 
long periods of remission induced by .AC .T'H. 
It isronsecjuently pos^^iljle that fiiCNe rhangcv 

* V« r tif lliAflV. Di' K Mofr-, 

T).r»T?r*r 7 h" AfirtoMr Armotir 

f tK- •'■jppty r.f ACTH. 
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arc associated with the primary disease 
process and may not be secondary to it. Be 
that as it may, it seems apparent that the 
underlying disturbance continues to be 
present in a patient with rheumatoid ar- 
thritis maintained on ACTH in complete 
objective and subjective remission. In our 
experience when the hormone was discon- 
tinued, prompt resumption of symptoms 
and laboratory and clinical signs took place 
in seven of eight patients. It is possible that, 
when sustained remissions follow ACTH 
therapy, a spontaneous remission such as is 
encountered in the natural history of the 
disease has taken place. 

It is of interest and perhaps of impor- 
tance that many patients in the course of 
improvement under treatment with ACTH 
or cortisone develop a variety of disturb- 
ances characteristic of hyperadrenalism. 
Thus Hench,^ as stated above, has described 
the development of moon facies, striae and 
mild hirsutism, etc., of Cushing’s syndrome. 
Similar changes have been observed by 
us. Sodium retention persisted on small 
amounts of ACTH. The patient maintained 
for seventeen weeks on ACTH developed 
the facies of Cushing’s disease. One patient 
with lupus erythematosus disseminatus, who 
had developed moon facies, died from 
pulmonary infarction after three weeks of 
treatment with ACTH. At postmortem ex- 
amination the adrenals were three times 
the normal size. A slight increase in uric 
acid excretion was found to be present 
during remission. It thus seems possible 
that in order to produce and maintain 
clinical remission with ACTH some meas- 
ure of hyperadrenalism must be induced. 

While the responses to ACTH cover a 
broad spectrum of metabolic changes, it is 
possible that the remission in rheumatoid 
arthritis reflects the effect of excessive 
amounts of adrenal steroid upon mesen- 
chymal tissue. Three patients have been 
observed who apparently formed granula- 
tion tissue poorly while being treated with 
ACTH. The first was a patient with 
dermatomyositis. A muscle biopsy wound 
produced the day before ACTH was started 
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required twelve days to heal while ACTH 
therapy was continued. A biopsy wound 
made the day before ACTH treatment was 
discontinued healed in four days. There was 
only a moderate elevation of fasting blood 
sugar (71 to 90 mg. per cent) during treat- 
ment with ACTH. One patient with lupus 
erythematosus disseminatus (LED) devel- 
oped severe symptoms postpartum. An 
episiotomy wound made at the time of 
delivery failed to heal but profuse granula- 
tion tissue was seen in this wound at the 
time we first saw her twenty-five days after 
delivery. She developed a decubitus ulcer 
shortly after ACTH was started and up to 
the time of her death from pulmonary 
infarction after eighteen days on ACTH, 
very little granulation tissue appeared in 
this ulcer. It is to be noted that up to three 
days before death she was making excellent 
progress and the symptoms of LED were 
controlled. The third patient was also one 
with LED. While under treatment with 
ACTH she developed a suppurative par- 
otitis and an abscess on her back. It was 
necessary to incise and drain both of these. 
While on ACTH little or no granulation 
tissue appeared in either wound. After 
twenty-eight days on ACTH she developed 
a "full moon facies and abdominal striae; 
the symptoms of LED were apparently 
controlled. Within twenty-four hours after 
cessation of ACTH, symptoms of LED 
returned and four days after the hormone 
had been stopped, granulation tissue could 
be seen in the wounds. No significant 
hyperglycemia was noted during treatment 
with ACTH. As a corollary to these observa- 
tions may be cited the well recognized 
weakness of supporting tissues in Cushing’s 
syndrome. 

It has been postulated^® that rheumatoid 
arthritis is a disease in which the mesen- 
chymal tissues are overactive and thus it is 
possible that excessive amounts of adrenal 
steroids may depress the activity of the 
mesenchymal tissues and thereby depress 
the host responses which cause the “ac- 
tivity” of the disease. 
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CONCLUSIONS 

!. There is a striking and prompt remis- 
sion of the STOiptoms of rheumatoid arthritis 
in patients treated with ACTH. 

2. Following cessation of therapy in 
seven of eight patients there was a prompt 
symptomatic relapse. 

3. Protein changes — serum globulin, 
FSR. cephalin flocculation and tryptic 
inhibitor levels— - followed the s\Tnptomalic 
remission and relapse. 

4. .Serologic changc.s — agglutination of 
group .A hemolytic streptococci and sensi- 
tiz(‘d sheep cell agglutination — changed 
with treatment much less than protein 
changes and in only one instance was the 
change significant. 

5. It seems possible that to produce a 
remission in rheumatoid arthritis some 
measure of hyperadrenalism must also i)e 
produced. 

6. Fvidenctr is presented to .suggest tlial 
with hyperadrenalism there is a depression 
of growth of certain mesenchymal tissuc.s, 
chiefly granulation tissue, 

7. It ic suggested but not established that 
the favorable resjKinse of the patient with 
rheumatoifi arthritis to administration of 
.NCrni is due to the jjroduciion of hyper- 
adrcnali'in and a coiucquent supjnes.sion 
of the activity of mesenchymal tissue. 

Wr \vi4i to th.Tiik the Misses E. Bidwcll, G. 
(.kirleto!), J. Nrlleniwgcn, Pratt and K. 

\'i-‘!*;'cky for technical assistance. 
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Some Technics for Recording the Ballisto- 
cardiogram Directly from the Body* 

William Dock, m.d. and Felix Taubman, m.d. 

Bwoklyn, New Toik 


B allistocardiography, the recording 
of motion imparted to the body by 
the motion of blood and the heart 
during each cardiac cycle, has been de- 
veloped as a research method by Starr 
and others. Though the metliod prom- 
ised to give information on the volume of 
blood ejected by the ventricles, it has been 
found unreliable under abnormal conditions 
since the amplitude of the waves depends 
on velocity rather than on volume alone. 
However, the curves are of value in detect- 
ing cardiac disease and coarctation 
of the aorta. 

All of the reported work has been done 
by having the subject on a table which is 
mounted on springs to damp its motion and 
recording movements optically or by an 
electrical detecting device and an amplify- 
ing circuit. The latter is controlled to give 
a centimeter deflection of the galvanometer 
record for a standard pressure applied to 
the table. The tables are bulky, fixed in- 
stallations and ballistocardiography today 
is in the same state that electrocardiography 
was prior to 1920. The instrument is precise 
and dependable but bulky, immovable and 
expensive. 

Since ballistocardiograms seem to be of 
more value as empirical clinical indices of 
disease than for precise physiologic measure- 
ment of function, it seemed desirable to 
develop methods for clinical use. This 
proved to be rather simple, and the acces- 
sories needed for inscribing ballistocardio- 
grams with standard electrocardiographic 
instruments are inexpensive and not par- 
ticularly bulky. Records can easily be made 
in the ward, office, operating room or the 
home. 



' I 

^ I 

Fig. 1. Sphygmographic receiver (glycerine capsule) 
(a) mounted on head-board with counter weight (6). 
The axle (c) is 6 cm. wide and 1 cm. in diameter; the 
counterweight is 400 gm. The axle may be set either 
22 or 23.5 cm. from the base board; the receiver and 
counterweight are centered 15 cm. from the axle. 

APPARATUS AND TECHNIC 

Sphygmographic Method. We learn that several 
others had noted that a pressure recorder, ap- 
plied to the vertex of the head, gave ballisto- 
cardiographic curves; Hamilton^ (Fig. 6) and 
Nickerson® (Fig. 4h) have published such 
records. We used the standard Cambridge 
Simplitrol pulse recording device and applied 
to the head either the glycerine capsule usually 
employed to pick up radial or femoral pulsa- 
tions, or a receiver made by mounting a cork 
button 3 cm. in diameter on a rubber membrane 
5 cm. in 'diameter. Either receiving device is 
mounted on a rigid arm 1 5 cm. long, extending 
vertically from an axle with another arm of 
equal length carrying a 400 Gm. counter weight 
at a 90 degree angle. This is mounted, as shown 
in Figure 1, so that the receiving capsule or 
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ri". .Siiniiii.in'-om ^minfi, I'.CG and ballUto tracings 
sMiIi S'.mphtro!. 


imttntt is hcki ai'.'tii)'?! the head uath a uniform 
atu! cosistant pressure. 

,\ leak in the tuhini; from rcccivini; mem- 
brane to tcrordine membrane is necc.ssar\‘ to 
prevent sside ies[)iratory swings and keep the 
rrrurd retitercfl; if the leak it too large no rccort! 
t'. itjseribed. '1 his leak is provided by a rublicr 
tilin' on a V-fiilvr close to the recorder. It is 
e!"'r(! with .1 serru rl.imp until release of pres- 
sure on the rereiscr causes a rcttirn of the 
sl'-ido'.s of the ]evfr in 3 or 3 seconds. .Another 
s< lew cl. imp, near this ^idc tulK.- hut on the tulx: 
to th" refeiser. r.in In- clo'cd and gradually 
rrle;..-fl utui! a normal subject gives oscillations 
o', 3 nil tpr nmre. 'I'his cl.unp acts a.' a low-pass 
tihc! and cuts tnu high frequenry uaves, cither 
.u\e(iti\ froni muscle tremor, or harmonics 
up in the rrcortiing system. Oscillations of 
In-l.jv. 2b {)er second are adequately 
d and th'- billistocardiogram is faith- 
r\s hired, .'synrhronoiis records of heart 
et>-r tto-Mrdi'n’ranis atri ballistocardio- 
thu* as.'ilahle (rig, 2) tf> those who 

j -j ji.. fjnin the pulrc 

'.d sshile th.at in tiieclectric.al 
iiv ij seconci. 

uivilc' may \'c stitT anri givr 
!e. hv putting th.em un'ier 
Inrorne sendtivc. The 

- m ititUs of 15 tg 
th. I'lV.-iz do not 
mil- h.-ast tremor 


riioln-flrctric Mrtfmd. If a piece of cardbontxl 
is firmly attached to the head and a shadow cast 
by its edge falls on the middle of a photocell, the 
electrical current u'corded by the galvanometer 
varies with the motion of the htxly. 3Vhcn mo- 
tion in the long n.xis of the body is recorded, the 




I'lO. 3. Photocell balHstocardiograph with hinged 
occulting strip, s, strip .across .shins; ii, hinge: c, strip 
casting shadow on ccphalad half of the photocell, 
shielded by the hood, ll, upper insert, Alniro magnet 
and coil in use ns hallistocardiogrnph. 

curs’cs arc identical with those made with the 
pitlsc recorder on the verte.x. \Vc also recorded 
this motion from a rigid strip of metal placed 
across the shins, with the legs slightly alxluctcd 
and the photocell Itclow and light source above 
the strip, 'fliis is possible even in ortltopneic 
patients, and treitior of the legs is le.ss frequent 
than tremor of the head. At prc.sent we use ait 
occulting edge ntounted on a hinge so that it is 
at a fi.vcd di.stance from the hull), and we press 
the hinge against the strip across the shins or 
against the vertex of the skull. (Fig. 3.) 

\Vc find the 890 photocell, herntetiailly .sealed 
(Photovolt), gives e.xccllent records when il- 
luminated by a 6 volt fln.shlight bulb (G. F. 31). 
It is necessary to u.sc a condenser (16-24 mfd) in 
one lead to the string galvanometer or direct 
writer in order to filter out or reduce r<'sj)iralor)' 
movement. No amj)!ifier is needed and there is 
less than 0.005 of a second time lag. The records 
are standard and rcprcKhicihle when the gal- 
vanometer is set to give I cm. per millivolt 
defif-ction, and the shadow edge falls on the 
«amr part of th'' photocell. 

The photocell and light hull) arc mounted 
6 cm. apart, with the cell protected frotn outside 
light by a iaj:)''rcd shield 3.5 cm. high. The 
occtiUlni! strip i' 2 to 4 mm. from th'* bulb, and 
the who'.'* app.aratus is pressed toward the strip 
arrsn th'- shins until the shadow falls on a lin'- 
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Fig. 4. Electromagnetic trace, lower, and photocell 
trace, simultaneous record from the shins. Note that 
changes in velocity (electromagnetic trace) occur 0.02 
to 0.06 second before change in position becomes ap- 
parent in records a and B made without a low pass 
filter, while the peaks and troughs are practically 
synchronous in record c inscribed with the filter, in 
this case 100 microfarads across the leads. 

marked on the light shield. Thus it falls on the 
same part of the cell at all times when tracings 
are being inscribed. The photocell terminals are 
connected with the arm leads of the ECG; by 
trial it is determined which arm lead should be 
attached to the condenser and which to the wire 
to the other pole of the cell to give an upward J 
wave. The terminals are then marked for right 
and left arm for all subsequent use. 

Electromagnetic Method. When a coil of fine 
copper wire is substituted for the occulting strip 
on the hinge shown in Figure 3, and an Alnico 
horse-shoe magnet is mounted in place of the 
photocell so that the coil moves in the strongest 
part of the field, a galvanometer attached to the 
coil inscribes a ballistocardiogram when the 
hinge presses upon the vertex or a strip across 
the shins. 

The relation of such curves to the photocell 
tracing is seen in Figure 4. The inflections pre- 
cede the photocell inflections by 0.03 to 0.06 
second, which is not surprizing as the velocity 
of body motion determines the voltage of the 
electromagnetic current, while displacement 
causes the photoelectric potential changes. The 
electromagnetic record picks up muscular tremor 
of high frequency, but this can be filtered out by 
putting a capacitance across the leads, and in- 
ductance in one lead on either side of the 
capacitance. This changes the wave phase, 
delaying the peaks by 0.02 to 0.06 second, so 
that they coincide with the photoelectric wave 
peaks. 

This is the simplest way to record the ballisto- 
cardiograph. It may be argued that it is better 
to record the velocity of bodily motion than the 
distance moved by the body; actually the curves 
are so much alike that the clinical significance 
is unchanged. Only experience in the clinic can 
decide which method most effectively detects 
abnormalities in motion of the blood. 


Effect of Mattresses and Bed Casters. Records 
made with patients in ward beds show varying 
degrees of damping and distortion, as compared 
with those made on a fluoroscopic table or on 
any rigid, smooth surface. If the bed is on 
casters, the records may be greatly distorted. 



Fig. 5. Standard pendulum to deliver 200,000 dyne 
blow to the foot or shoulder. Arm, c, is placed against 
the shoulder d; pendulum a is released when in contact 
with upper arm b. 

To get accurate records of patients in bed it is 
essential that the bed be rigidly held, which can 
be done by putting a block under the cross bars 
at head or foot to lift the caster off the ground 
about inch and by putting a plywood board 
18 by 32 inches under the patient’s trunk and 
buttocks. If the mattress is of rubber foam or 
rests on box springs, this board must be fastened 
to the frame of the bed by suitable rubber-jawed 
clamps. Vibrations due to people walking in the 
building or to passing trucks may be trouble- 
some in buildings with wooden beams and floors. 

Standardization. When records are made from 
the head, standardization is effected by record- 
ing the effect of blows on the foot produced by 
a pendulum moving through a constant arc. 
When records are made from the legs, the blo\\- 
is delivered to the right shoulder close to the 
neck. We use a 220 Gm. padded lead weight on 
an arm 12 cm. long, the length of the swing 
being fixed by a horizontal rod which touches 
the shoulder and is just beneath the arc of the 
pendulum and another which fixes the height 
to which the pendulum can be raised on the 
opposite side. (Fig. 5.) A 200,000 dyne blow 
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Fig. 6. Sphygmographic trace (lower) and photoelectric 
trace recorded from cadaver when a blow of 200,000 
dynes was applied to the sole of the foot. Note progres- 
sive decrease in large oscillations, and the fine oscilla- 
tions when no damping is used in the sphygmographic 
system. The photoelectric cell was used at the shin, 
but its peaks follow the sphygmographic one because 
of delay in the amplifier used in this original method. 
No amplifier is needed with the 890 cell. 

gives a deflection of 8 to 10 mm. on subjects 
weighing 70 Kg. When using the direct writer 
the amplifier can be adjusted to give this deflec- 
tion on each subject. In practice we rarely use 
this except when following change in amplitude 
under therapy, and with the string galvanometer 
merely record a series of blows so that any 
variations in the recording system will be evident 
on the records. The inherent frequency of the 
body is also evident from the after-waves. 

COMMENT 

When the foot or shoulder of a cadaver 
on a table is tapped, the whole body is dis- 
placed, sliding on the panniculus and re- 
turning by oscillations to the initial position. 
(Fig. 6.) Each after wave is 50 to 70 per cent 
as high as the preceding opposite wave, and 
the frequency depends on the weight of the 
cadaver, thickness of fat pads, tissue turgor 
and elasticity, etc. During life the recum- 
bent body is displaced by recoil from ac- 
celeration of the viscera and blood, or from 
their deceleration. Displacement is resisted 
and after-oscillations are set up by the pan- 
niculus since every displacement stretches 
pannicular fibers. 

Actual motion is a resultant of displacing 
and restoring forces, with after-waves some- 
times in phase and at others out of phase 
with subsequent displacing forces. The 
actual height of the waves set in motion by 
systole is dependent on velocity of cardiac 
ejection as much as on its volume, and 
except for the initial (presumably auricular) 
H wave, the height of each subsequent wave 
may, by chance, be augmented or dimin- 


ished by 60 per cent of the preceding wave, 
depending on the inlierent frequency of the 
body. For this reason the stroke volume 
calculated from these waves varies from the 
true value in many normal subjects. At best 
one can conclude that large I and J waves 
indicate high velocity and probably large 
volumes of systolic ejection, small ones low 
velocity and probably small volumes of 
ejection. 

If the body could be suspended in space, 
without friction or periodicity of the system, 
a true ballistic record free of restoring forces 
would be inscribed and the body would 
move away with increasing velocity. In 
practice the body must rest on a surface and 
in the past all recording has been done from 
the table on which it rests. Since the table 
is rigidly held, the body continues to move 
and energy is converted to heat in the pan- 
niculus. If the table has a frequency of over 
10 per second, the curves inscribed are 
almost identical with those inscribed from 
the head or legs directly. Physiologically, 
there is no more reason for recording the 
motion of the body through the table than 
for recording cardiac action currents from 
a bath tub. In practice, direct recording is 
much more useful. As the physiologists have 
pointed out, the ballistocardiograph is of 
value chiefly for clinical purposes and the 
urgent problem is to determine the signifi- 
cance of altered patterns “in relation to 
disease and prognosis.” 

CLINICAL SIGNIFICANCE OF ALTERED 

BALLISTOCARDIOGRAPHIC PATTERNS 

In our own experience, patients with 
high cardiac output, even with heart failure, 
often have large I-J waves; those with low 
output or normal output may have very 
small waves, especially during expiration, 
if they are in failure, or even if they have 
angina of effort without congestive failure. 
Men under thirty-five who have recovered 
from myocardial infarction may show nor- 
mal curves but many older men have bizarre 
tracings as the first objective sign of coronary 
disease. Starr noted that this may precede 
subjective or objective evidence of heart 
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disease.® In coarctation without failure the 
K wave is abruptly cut off at or above the 
base line.®'^'® After severe hemorrhage H 
waves are high; K waves disappear. In acute 
myocardial infarction low amplitude bizarre 
complexes repeatedly have preceded any 
change in the limb leads of the EGG, and 
in a few instances preceded the change in 
precordial leads. 

Of particular interest to us have been 
the waves in diastole. Large L waves have 
been encountered in acute rheumatic cardi-* 
tis in children and adults; in normal 
children L waves tend to be more evident 
than in adults. In rheumatic carditis with 
mitral valve disease the L wave may be 
larger than J. Deep K waves occur in hyper- 
tension, with notched J waves and late K 
(or in reality, M) waves as failure sets in. 
There may be deep M waves with proto- 
diastolic gallop, and a deep wave may pre- 
cede the H wave in cases of presystolic 
gallop. The footward diastolic waves, in 
amplitude and steepness of contour, may 
exceed any wave due to ventricular ejection 
and aortic flow. Presumably they are due 
to deceleration of blood returning to the 
ventricles. The failing heart fills faster than 
it empties. As a rule gallop sounds occur 
with the deep diastolic waves but the waves 
may be evident before gallop is noted or 
persist after it has become inaudible as a 
result of therapy. 

It seems probable that the decrease in K 
waves in shock is due to splanchnic and 
renal vasoconstriction and vasoconstriction 
in the skin and muscles of the legs. It may 
well provide anesthetists and surgeons with 
the first clue to the body’s reaction to 
decreased venous return, and thus permit 
them to follow the onset and recovery from 
shock. 

The ballistocardiogram gives information 
of a character so unlike that of the electro- 
cardiogram and so useful to the clinician as 
evidence of altered circulatory conditions 
that it deserves wide study and application. 
This is noNv available to all who have 
electrocardiographic equipment, with little 
additional apparatus. While synchronous 
electrocardiograms or sound tracings are 
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needed to identify bizarre waves, they are 
not needed to distinguish normal from 
abnormal records. 

SUMMARY 

1. The motion of the body recorded by 
a sphygmograph applied to the head, by a 
photocell partly shaded by a ruler across the 
shins, or by a coil in a magnetic field, pro- 
vides a satisfactory ballistocardiogram. 

2. The records require little additional 
equipment for those who have portable 
electrocardiographs. They can be made in 
the ward, office, operating room or at home. 

3. The records are particularly useful in 
angina, myocardial infarction and in shock. 
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Effects of Clockwise Rotation of the Heart 
on the Electrocardiogram* 


Emanuel Goldberger, m.d. 
New York, New York 


I T has been pointed out by the author^”® 
and by others^ that the position of the 
heart is not fixed within the thoracic 
cage, and that rotation of the heart can 
take place around one or more of the 
following three axes; (1) rotation of the 
heart around its anteroposterior axis; when 
this happens, the heart becomes vertical or 




Fig. 1 . Multiple unipolar leads from a normal person 


horizontal; (2) rotation of the heart around 
Its long axis; clockwise rotation causes the 
right ventricle to face more of the anterior 
surface of the chest wall and the left 
ventricle rotates to the left; counterclock- 
wise rotation causes the left ventricle to 
face more of the anterior chest wall, and 
the right ventricle rotates to the right; (3) 
rotation of the apex of the heart around its 
transverse axis; the apex is either rotated 
forward or backward. 

In this paper the effects of clockwise rota- 
tion of the heart in both the precordial 
leads and the extremity leads will be 
described for both normal tracings and 
tracings showing signs of right or left 
ventricular hypertrophy. The cases illus- 
trated were selected at random from our 
files. 

general remarks 

In order to correlate the electrocardio- 
graphic patterns that appear in the standard 
leads, augmented unipolar extremity leads, 
and multiple precordial leads, the following 
review is of value: 

1. A unipolar lead that overlies or faces 
the epicardial surface of the left ventricle 
shows a qR pattern. (Fig. 1, Lead Vs.) 

2. A unipolar lead that overlies or faces 
the epicardial surface of the right ventricle 
shows an rS or an RS pattern. T is usually 
upward but may be downward. (Fig. 1, 
Leads Vi_ 4 .) 

3. A unipolar lead that faces the right 
ventricular cavity shows an rS pattern and 
a downward T (Fig. 1, Lead 2R..t,.) 

4. A unipolar lead that faces the left 
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Fig 2 The effect of marked clockwise rotation on a normal vertical heart, a is 
a woman, aged twenty years; b is a man, aged Uve^^y-nine years . 

ventricular cavity shows a Q,S deflection ■ ^ u iii . 
and a downward T. (Fig. 1, Lead Head.) 

5. A unipolar lead that faces the back of 
the heart shows a QR (or a Qr or a qR) 
pattern and a downward T. (Fig. 1, Leads 

L.u.Sc., R.u.Sc., R.l.Sc.) < v y , 

6. Although each standard lead repre- 
sents a combination of potentials from two 
extremities, the following general relations 

between standard leads and unipolar ex- 

tremity leads usually hold: Pjc 3_ The effect of clockwise rotation on a vertical 

Lead i resembles Lead aVL or the reverse hypertrophied heart. 

of Lead aVR. through V5 or Ve may face the epicardial 

Lead ii resembles Lead aVF or the reverse g^rface of the right ventricle and show rS 
of Lead aVR. ■ patterns. (Fig. 2.) Lead aVL shows 

Lead iii resembles Lead aVF or the reverse pattern because it faces either 

of Lead aVL. cavity of the right ventricle or the 

7. When the heart is vertical, Lead a VI. g^rface of the right ventricle as a 

shows a QS, an rS or RS pattern. en clockwise rotation. Lead aVR 

the heart is horizontal. Lead aVL snows a ^ qr ^ype of pattern because it faces 

qR or a QK pattern. of ^-^e heart as a result of the 

EFFECT OF MARKED CLOCKWISE ROTATION marked clockwise rotation. 

‘ ON A VERTICAL HEART Figures 2 a and b show such tracing m 

, • .1. j.* rt nnrmal vprtica.1 licsTts with msxkcci clock- 

When marked clockwise Figure 2b also shows an addi- 

vertical heart occurs, precordial Leads v, wise rotation, figure 
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Fig. 4. a and b, the effect of clockwise rotation on normal and hyper- 
trophied hearts with hypertensive cardiovascular disease; c, a man 
with hypertensive cardiovascular disease. 


tional type of rotation. Ordinarily when the 
heart is vertical, Lead aVF faces the epi- 
cardial surface of the left ventricle and 
shows a qR pattern. However, if backward 
rotation of the apex occurs. Lead aVF faces 
the epicardial surface of the right ventricle 
and shows an rS or RS pattern as appears 
in Figure 2b. 

Figure 3 shows the effect of marked clock- 
wise rotation of a vertical heart in a patient 
who had e-xtensive right ventricular hyper- 
trophy. It is the tracing of a twelve year old 
boy who died of rheumatic heart disease. 
At autopsy aortic and mitral stenosis were 


found and there was marked hypertrophy 
of both the right and left ventricles. 

Lead Vi shows a tall R and a downward 
T due to right ventricular hypertrophy, and 
the P is large and wide due to auricular 
hypertrophy. However, Leads V2_5 show 
RS patterns which indicate that these leads 
are also facing the epicardial surface of the 
right ventricle. Therefore, marked clockwise 
rotation is also present. Lead aVR shows 
a Q,R and a downward T, further indicat- 
ing that marked clockwise rotation is 
present. Lead aVL shows an rS indicating 
that the heart is vertical, and Lead aVF 
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shows an RS instead of a qR indicating 
that backward rotation of the apex is 
present. 


EFFECT OF MARKED CLOCKWISE ROTATION 
ON A HORIZONTAL HEART 

When marked clockwise rotation of a 
horizontal heart occurs, all six precordial 
leads may show rS and RS patterns just as 
occurs in a vertical heart so rotated, and 
Lead aVR develops a QR and a downward 
T. However, because tlie heart is horizontal, 
Lead aVL continues to show a qR pattern. 
Figure 4a shows this in a normal tracing. 
Figures 4b and c show this in patients with 
left ventricular hypertrophy. In Figure 4b 
lead aVL shows not only a qRS pattern but 
R is more than 13 mm. tall. This is high 
voltage and indicates left ventricular hyper- 
trophy.^ In Figure 4c Lead aVL shows not 
only high voltage but the depressed RS-T 
and downward T indicate left ventricular 
strain. 

EFFECT OF EXTREME CLOCKWISE ROTATION 

ON A VERTICAL OR HORIZONTAL HEART 

When clockwise rotation is extreme, the 
back of the heart can actually face the 
anterior surface of the right chest. ^ In 
such a case Lead Vi and even Lead may 
show the pattern of the back of the heart, 
namely, a QR or a qR and a downward T. 
Figure 5 shows such a tracing, that of a 
patient with cor pulmonale. Precordial 
Leads V 2_6 in this case show normal RS 
patterns. 

When such extreme clockwise rotation is 
present. Lead aVR not only shows a QR 
type of pattern, but the R becomes tall with 
respect to the q. Although this qR pattern 
in Lead aVR has been interpreted as a sign 
of right ventricular hypertrophy,® actually 
it is merely a sign of extreme clockwise rota- 
tion and may occur in cases not only of right 
ventricular hypertrophy but myocardial in- 
farction and even in normal people. Al- 
though extreme clockwise rotation with a 


Fig. 5. The effect of extreme clockwise rotation on the 
heart; a patient mth cor pulmonale. 

qR in Lead Vi, can theoretically occur 
normally, I have not seen it in any normal 
person. 

CONCLUSIONS 

1. Precordial leads as well as unipolar 
extremity leads and standard leads vary 
when clockwise rotation of the heart occurs. 

2. When marked clockwise rotation of 
the heart occurs, precordial Leads Vj 
through V 5 or Ve may face the epicardial 
surface of the right ventricle and show rS 
and RS patterns. This may occur in a 
normal person with a vertical or horizontal 
heart, or in patients with right or left ventri- 
cular hypertrophy. 

3. A further sign of marked clockwse 
rotation is the development of a QR, Qr or 
qR pattern in Lead aVR. 

4. When extreme clockwise rotation is 
present, precordial Lead Vi and sometimes 
Lead V 2 can also face the back of the heart 
and show a QR or qR pattern in addition 
to Lead aVR. 
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Electrocardiographic Evaluation of Boeck’s 
Sarcoid and Advanced Pulmonary 
Tuberculosis* 

Special Reference to Interpretation of the Multiple Unipolar Leads 

Safety R. First, m.d. 

Tulsa, Oklahoma 


I NTERPRETATION of multiple Unipolar 
leads recorded in patients with pul- 
monary manifestations of Boeck’s sar- 
coid revealed the frequent occurrence of left 
ventricular hypertrophy, an electrocardio- 
graphic finding which may prove to be of 
added value in the differentiation of sar- 
coidosis and tuberculosis. Sarcoidosis is a 
systemic disease which may involve the 
myocardium and account for electrocardio- 
graphic irregularities^"'* while tuberculosis 
rarely involves the myocardium directly 
and electrocardiographic abnormalities, 
when present, are of different form than 
those observed in sarcoid. The pulmonary 
roentgenographic changes of sarcoidosis 
and tuberculosis frequently resemble each 
other and in many cases offer a diagnostic 
problem of some magnitude. 

METHOD AND MATERIAL 

Serial teleoroentgenograms and electro- 
cardiograms in seven cases of Boeck’s sarcoid 
and twenty cases of far advanced pulmonary 
tuberculosis were compared. The electro- 
cardiograms were recorded by using a 
modified central terminal® and included 
leads aV:,, aV^, Vi, V2, V3, V4, Vb and Vs, 
in addition to limb leads i, ii and iii. The 
positions explored were those specified by 
the Committee of tlie American Heart Asso- 
ciation for the Standardization of Precordial 
Leads.® 


RESULTS 

Of the seven patients with Boeck’s sarcoid 
six gave electrocardiographic findings which 
were interpreted as definite evidence of left 
ventricular hypertrophy. One had a normal 
electrocardiogram. Teleoroentgenograms of 
five of these subjects revealed diffuse areas 
of infiltration scattered throughout both 
lung fields. One revealed a nodular enlarge- 
ment of the mediastinum. A positive diag- 
nosis was established in each case -by 
microscopic examination of lymph node 
biopsies after exhaustive studies failed to 
show evidence of acid-fast organisms. 

The electrocardiograms of twenty patients 
with far advanced pulmonary tuberculosis 
showed the following; 

No. of Cases Diagnosis 

3 Incomplete right bundle-branch block 
3 Pericarditis 

2 Right ventricular hypertrophy 
1 Moderately recent anteroseptal infarction 

11 Normal 

Teleoroentgenograms showed bilateral 
disease with cavitation in most instances and 
the sputum contained acid-fast organisms in 
each case. 

ELECTROCARDIOGRAMS ILLUSTRATING 
CHANGES 

Two months after the diagnosis of Boeck’s 
sarcoid was made in a colored male, aged 
twenty-three, the electrocardiogram in Fig- 


* From the Department of Internal Medicine. University of Oklahoma School of Medicine, Oklahoma City, Okla. 
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Fig. 1. Left ventricular hypertrophy. 









Fig. 2, Pericarditis. 


ure 1 was recorded. The patient presented 
no subjective or objective clinical findings 
when a routine chest roentgenogram first 
indicated disease. Repeated sputum and 
gastric studies were negative for acid-fast 
organisms. The blood pressure was 120/80. 
Leads Vi and V2 which represent potential 
.variations from the free surface of the right 
ventricle were recorded as one-half and 
one-third the normal sensitivity, respec- 
tively, and show a prominent S. Transition 
occurs at V3, following which there is a 
prominent R at Vs and Ve representing the 
potential variations of the left ventricle. The 
changes are diagnostic of left ventricular 
December, 1949 


hypertrophy; the heart is in the vertical 
position and the mean electrical axis of 
QRS (Aqhs) is normal. Six of the seven 
patients with Boeck’s sarcoid presented 
similar changes. 

The electrocardiogram reproduced in 
Figure 2 was recorded in a white man, aged 
twenty-four. The initial diagnosis of pulmo- 
nary tuberculosis was established eighteen 
months earlier and marked progression 
followed. The T wave is positively spiked 
in lead i and inverted in lead iii. The RS-T 
segment is arched upward and T shows a 
late inversion in Vi, V 0, V3 and V 4. Transi- 
tion is not complete at Ve. The changes are 




Fig. 3. Right bundle branch block. 



Fig. 4. Right ventricular hypertrophy. 


compatible with chronic, low grade peri- 
carditis; the heart is in the horizontal posi- 
tion and there is a counterclockwise rotation 
of Aqus (left axis deviation). 

The electrocardiogram which is repro- 
duced in Figure 3 was recorded in a white 
man, aged thirty, in whom a diagnosis of 
far advanced pulmonary tuberculosis had 
been established by positive sputum and 
gastric washings and chest roentgenographic 
changes. The Q.RS interval is 0.12 seconds 
and die S is broad in lead i. R and R' deflec- 
tions are present in leads aVp, Vj, Vo and 
V3. Transition occurs between V4 and V5; 
Vs and Vs are contributions to the pre- 
cordium from the left ventricular surface 
and show a broad S. The heart is in the 
horizontal position and there is a counter- 
clockwise rotation of Aqrs. When the right 


branch of the His bundle is blocked, acces- 
sion of the interventricular septum from the 
left branch produces an initial positive 
potential at the surface of the right ventricle 
whereas late accession of the free wall of the 
right ventricle produces a second positive 
variation at this surface late in the Q,RS 
interval. These two positive variations un- 
doubtedly exert a dominant effect in the 
formation of R and R' in leads aVp, Vi, V2 
and 

The electrocardiogram (Fig. 4 ) was re- 
corded in a white man, aged twenty, who 
had shown a slowly progressive disease for 
two years. Sputum and gastric washings 
were positive for acid-fast organisms and 
the chest roentgenogram revealed exudative 
disease with cavitation. R is prominent at 
Vi and Vj where T is rounded and shows a 
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Fig. 5. Anteroseptal infarction. 


terminal negative deflection. Transition 
occurs between V2 and V3. V3, V4, V5 and 
Ve are the potential variations transmitted 
to the precordium from the surface of the 
left ventricle. These changes suggest right 
ventricular hypertrophy, the heart in the 
vertical position and a tendency toward 
clockwise rotation of Aqrs. 

The electrocardiogram (Fig. 5) was re- 
corded in a white male, aged thirty-four, 
one year following the initial diagnosis of 
pulmonary tuberculosis and two weeks fol- 
lowing an attack of precordial pain which 
radiated to his left shoulder and was accom- 
panied by dyspnea and orthopnea. Sputum 
and gastric washings were positive for acid- 
fast bacilli and the teleoroentgenogram 
revealed far advanced pulmonary disease. 
R is minute in leads aVi,, Vi and V 2 and is 
low with a slurred upstroke in V3. T is 
inverted in leads Vi, V2, V3 and V4. In view 
of the history and these changes a diagnosis 
of moderately recent anteroseptal infarction 
appears justified; the heart is in the vertical 
position and there is clockwise rotation of 
Aqrs- Characteristically, when precordial 
lead changes are confined to Vj, V 2 and V 3 , 
little or no change is present in the limb 
leads. 

COMMENTS 

Sarcoidosis is considered to be a systemic 
disease in which no organ is exempt from 
possible involvement. Schaumann, in his 
initial publication,^® described sarcoid in- 
volvement of the myocardium in post- 
mortem material. His observation has been 
confirmed on numerous occasions and vari- 
ous electrocardiographic conduction irre- 
gularities have been reported. Unipolar 
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chest leads were not employed in these 
observations, however, and consequently 
the repeated finding of left ventricular 
hypertrophy in these cases is of interest. 
Why the left ventricle is selectively involved 
is unexplained. Perhaps sarcoidosis, like 
rheumatic fever, has a tendency to localize 
in the heart with an intensity which is pro- 
portional to the work done. 

As a general rule pulmonary, tuberculosis 
is unaccompanied by changes in the electro- 
cardiogram unless there is involvement of 
the pericardium. In far advanced pulmo- 
nary disease secondary myocardial changes 
may occur and account for secondary alter- 
ations in the heart’s electrical field. It was 
for this reason that patients with far ad- 
vanced pulmonary tuberculosis were se- 
lected for this study. Of twenty patients 
only five presented abnormal curves which 
could be attributed to pulmonary disease. 

SUMMARY 

1 . Left ventricular hypertrophy produced 
by Boeck’s sarcoid can be detected in the 
precordial electrocardiogram. 

2. A few patients with sarcoidosis pre- 
sented electrocardiographic changes which 
differed from those encountered in a group 
of twenty patients with far advanced pul- 
monary tuberculosis. These differences, if 
equally consistent in larger groups, might 
prove helpful diagnostic leads. 

Acknowledgment: An expression of thanks is 
extended to Dr. Robert H. Bayley for helpful 
criticism in the preparation of this manuscript. 
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Hemiplegia Attending Acute Myocardial 

Infarction* 


William Bennett Bean, m.d., Gerald W. Flamm, m.d. and Albert Sapadin, m.d. 
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O ccasional reorientations in medical 
thought are useful goads against 
the dogma which too readily en- 
cases our ideas in fixed mental habits. It is 
usually taken for granted that such an 
episode as hemiplegia occurring at the time 
of acute myocardial infarction or shortly 
after is embolic in origin, the embolus in 
question coming from a ventricular mural 
thrombus. Some years ago, in surveying a 
large series of cases of myocardial infarction 
proved at autopsy, it was noted that the 
majority of cases of hemiplegia which 
followed infarction of the heart were associ- 
ated with cerebral arteriosclerosis and local 
thrombosis or even hemorrhage rather than 
with emboli.^ Still later, in association with 
Read^ one of us (W. B. B.) reported several 
instances of hemiplegia as the presenting 
symptom of acute myocardial infarction. 
There was advanced arterial disease of the 
brain but no acute lesion of the cerebral 
arteries to account for the major symptoms. 
It was suggested that the reduction in blood 
flow, affecting particularly the cerebral 
foci with the most severely diseased arteries, 
determined the clinical picture. This strik- 
ing masquerade of coronary thrombosis 
with a neurologic debut has not aroused 
the interest of cardiologists or caught the 
attention of internists though it is better 
known to some neurologists.® It is, however, 
sufiiciently important that its recognition 
not be confined to those isolating themselves 
in any medical specialty. 

It is impossible to prove the nature of this 
type of case except by postmortem study of 
heart and brain. It is possible, indeed 
probable, that less serious cases of like 


nature occur. In an attempt to discover 
them clinically we have taken electrocardio- 
grams in many patients admitted to the 
hospital with hemiplegia. In several pa- 
tients not included in this study the medical 
history revealed that hemiplegia had ensued 
shortly after cardiac infarction. In only one 
such gase was the diagnosis proved. The 
others either recovered or died and no 
autopsy was performed. 

At times there is difficulty in assigning 
an exact time to th'e onset of an acute myo- 
cardial infarct.^ In the instances we are 
reporting the lesion in the heart gave testi- 
mony of an age in keeping with the known 
time of collapse or pain which we have used 
as the clinical landmark indicating the 
acute onset of myocardial infarction.^ The 
present study casts no light on the possi- 
bility that hemiplegia from cerebral hemor- 
rhage or thrombosis, and hyperactivity or 
convulsions associated with it might them- 
selves precipitate coronary thrombosis or 
myocardial infarction. The absence of the 
acute lesion, cerebral thrombus or hemor- 
rhage in our cases indicates that the central 
nervous system was not primarily concerned 
but manifestations referable to it were con- 
comitants or early sequelae of the acute 
myocardial infarction. 

We have reviewed the protocols of all 
autopsies done in the Department of 
Pathology for the years 1941 through 1946 
to look for cases in which hemiplegia was 
precipitated by acute myocardial infarc- 
tion. We set up as criteria for selection the 
presence of (1) a gross recent infarct of the 
heart measuring at least 3 by 3 cm. and 
(2) focal neurologic signs suggesting cerebral 
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hemorrhage, thrombosis or embolus but the 
(3) absence of any gross evidence of an acute 
vascular lesion of the cerebral vessels. The 
six cases discussed in this report were found. 
Pronounced arteriosclerosis of the larger 
cerebral vessels was present. It has been the 
experience of some pathologists that emboli 
and thrombi are overlooked unless special 
precautions are taken to find them. An 
injection plus dissection of the arteries sup- 
plying the brain would have given assur- 
ance that there were indeed no acute vascu- 
lar lesions of larger cerebral arteries but 
such a procedure was not carried out. 
While no rigid technic was followed, em- 
boli, thrombi or hemorrhage were sought 
specifically because of the clinical diagnosis 
of hemiplegia. It is unlikely that any lesion 
of major importance was missed although 
the possibility exists. 

Some cases had to be discarded because 
the autopsy had not included examination 
of the brain. There are otlier examples of 
cardiac origin for non-cmbolic hemiplegia, 
including such different diseases as aortic 
stenosis, dissecting aneurysm®'® and rupture 
of a syphilitic aneurysm; all ^vithout acute 
vascular lesions of major cerebral vessels 
but with pronounced cerebral arteriosclero- 
sis. Clinical evidence in some instances, 
especially in which transient hemiplegia 
occurred in aortic stenosis, demonstrated a 
relationship between the neurologic crisis 
and a fall in arterial blood* pressure; in 
other cases this mechanism was suspected 
but not proved. An analogy between the 
physiologic disturbance of this condition 
and the syndrome of sensitive carotid sinus 
may exist. 

REVIEW OF THE LITERATURE 

Bean and Read" in 1942 called attention 
to a syndrome of hemiplegia attending 
acute myocardial infarction with the neu- 
rologic signs and symptoms overshadowing 
the acute cardiac disorder. They pointed 
out that hemiplegia and acute infarction of 
the heart occurring in the same patient 
might be (1) independent of each other, 
(2) the cerebral disorder might be an 


Hemiplegia — Bean el al. 

embolic sequel of dislodging a ventricular 
mural thrombus or (3) shock resulting from 
the acute cardiac disorder might be associ- 
ated with cerebral ischemia, especially 
when arteriosclerosis of vessels in the brain 
was advanced, and thus produce hemi- 
plegia. The resulting symptoms and signs 
were thought to have been determined by 
the focal pattern of vascular sclerosis in the 
cerebral arteries. In a review of medical 
papers related to this topic no proved 
instances of hemiplegia after myocardial 
infarction without embolism were found, 
although there were numerous observations 
that other acute cardiac episodes might be 
associated with transitory palsies and pa- 
ralyses. Since this paper there has been 
scant notice of the problem. Cookson^ em- 
phasized fits and faints as signs of cardiac 
infarction and commented on the old age 
and poor prognosis of his patients. He 
believed that reflex bradycardia was more 
important than hypotension in the pro- 
duction of syncope, but disease in cerebral 
vessels was considered to be another factor. 
Race and Lisa® found that 15 per cent of 
100 autopsied cases of myocardial infarc- 
tion had lesions of cerebral vessels. For the 
most part in those with central nervous 
system lesions the cardiac disease had not 
been diagnosed. There were indeed five 
cases in which the only acute vascular 
lesion was coronary thrombosis but the 
neurologic aspects of the signs and symp- 
toms had indicated only hemiplegia and 
presumably the mechanism was the same 
as reported by others.- Fisher and Zuker- 
man® found three cases of cerebral hemor- 
rhage and two of cerebral thrombosis in 
108 cases of myocardial infarction but did 
not discuss the time relationship of the 
episodes or the accuracy of the clinical 
diagnosis. 

Four mechanisms for the production of 
hemiplegia following acute myocardial in- 
farction may exist. Embolism, thrombosis and 
hemorrhage have been noted fairly often, but 
ischemia most pronounced in regions whose 
arterial supply is reduced by arteriosclerosis 
may be another important factor.^ There 
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are certain common time sequences which 
should suggest which of these mechanisms 
is responsible for hemiplegia in a given 
instance if the train of events is known, from 
an accurate history, which may be difficult 
or impossible to learn in a patient with a 
stroke. If hemiplegia has its onset at the 
same time or shortly after the acute cardiac 
infarction as a syncopal or apoplectic seizure 
while shock is prominent, the usual mecha- 
nism is cerebral ischemia and hypoxia. 
When its onset is somewhat later, after the 
first few hours but usually witliin the first 
few days up to a week, a large cerebral 
vessel may have become occluded by a 
thrombus or cerebral hemorrhage may 
have occurred as a result of sustained vaso- 
paralysis.^® Evidence has been adduced 
that following acute myocardial infarction 
there may be an abnormal tendency for 
blood to clot rapidly. After the first week 
an embolus from a mural thrombus on the 
endocardial wall may lodge in the brain 
and suddenly cause hemiplegia. Those 
divisions of time are not absolute. Recur- 
ring shock may follow acute myocardial 
infarction and give rise to hemiplegia, or 
an embolus from an auricular thrombus 
may become detached soon after acute 
cardiac infarction. In general the correct 
clinical diagnosis can be suspected if the 
time relationship of hemiplegia and infarc- 
tion of the heart is known. 

The vasotonic and physical forces which 
maintain the dynamics of cerebral blood 
flow have been the subject of much study 
but many aspects of the problem are not 
yet clearly understood. Aring® has given a 
comprehensive and critical review of the 
physiologic control of cerebral circulation. 
Extracerebral factors are recognized as most 
important in governing intracerebral blood 
flow. There are, however, relatively weak 
neurovascular mechanisms, .and humoral 
factors such as CO 2, pH changes and 
chemical agents may affect vessel caliber 
and blood flow. Villaret and .Cachera^^ 
studied the effects of emboli dn the form of 
particulate matter introduced into the 
cerebral circulation, and through skull 
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windows were able to observe venous en- 
gorgement and hemorrhagic infarction. A 
clue to possible mechanisms in our own 
cases and the close connection between 
cerebral hemorrhage and thrombosis is 
found in Scheinker’s^® observation on vaso- 
paralysis and the ensuing vasothrombosis. 
He found that as a result of such varied 
stimuli as physical trauma, sulfonamide 
intoxication, carbon monoxide poisoning 
and arsenical encephalopathy the brain 
might be injured gravely. By histologic 
study he traced the changes from vasodila- 
tation through vasoparesis to vasoparalysis 
leading to stasis, diapedesis and finally to 
the coalescence of many minute hemor- 
rhages. Presumably an even earlier stage 
in his cases may have been vasoconstriction 
so intense or so sustained that the re- 
sulting hypoxia led to changes in vascular 
endothelium. 

Since some of our autopsy material has 
been found to manifest similar vascular 
changes, we suggest that the phenomenon 
of hemiplegia may be initiated by a fall in 
arterial blood pressure associated with the 
early state of myocardial infarction. Cere- 
bral arteries with enough organic ob- 
struction to reduce the blood flow critically 
may determine the area or areas most 
severely affected. If anoxia continues long 
enough, alterations of the walls of small 
vessels may permit the escape of blood. By 
the coalescence of many small hemorrhages 
a large infarct may be formed. If, however, 
shock is not of sufficient duration or intensity, 
vascular alterations may not be demon- 
strable even though cerebral cell function 
or structure may be disordered. Indeed 
there is presumably a stage at which com- 
plete recovery is possible, and we have ob- 
served cases clinically in which this situa- 
tion was suspected although it could not 
be proved. 

There is little in the way of therapy 
which can be suggested for the cerebral 
disturbance. If it is realized that the neu- 
rologic changes may be reversible, however, 
the customary nihilistic attitude toward 
hemiplegia may change to a more opti- 
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mistic one, even though the prognosis may 
still be none too good with an acute cardiac 
infarct. Where shock associated with an 
acute myocardial infarct causes local or 
general neurologic signs apparently of 
primary cranial origin, the correct interpre- 
tation may be vital to the management of 
the patient. If it is possible to improve the 
function of the heart and if this is done early, 
the stroke may disappear rapidly and an 
apoplexy apparently disastrous may prove 
transitory. Since it is not possible to make a 
definitive diagnosis of this cerebral mas- 
querade of acute cardiac infarction without 
anatomic proof, the most that can be ex- 
pected m the diagnosis of non-fatal examples 
of this syndrome is a properly guided sus- 
picion which will direct treatment toward 
the heart rather than the head. 

The following brief case reports include 
all proved cases of this syndrome which 
have come to autopsy since our earlier 
report.- The pathologic findings are out- 
lined in Table i. 

CASE REPORTS 

Case i. C. V., a seventy year old white 
man, was admitted to the Neurology Service 
on February 26, 1944, having collapsed at home. 
He had slept after dinner and upon awakening 
had gone to the toilet because he felt nauseated. 
There he vomited. Pallor, weakness and profuse 
perspiration occurred and he fainted. He 
had complained of no pain before he lost 
consciousnc.ss. 

Physical examination revealed the tempera- 
ture to be 101°F., pulse 80, respirations 28, 
blood pressure 230/110. The patient was a 
plethoric old man, stuporous and had difficulty 
with respiration. He demonstrated purposeless 
involuntary' movements and was unresponsive. 
He showed no signs of heart failure. The heart 
was enlarged and a sy’stolic munnur was heard 
at the apex. There was left facial weakness, 
symmetrical hypcrreflc.xia and bilateral Bab- 
inski signs. 

Laboratory' findings were as follows: the 
erythrocyte count was 4.9 m.; leukocy'tc count 
5,800; hemoglobin 15 Gm.; blood urea nitrogen 
was 16 mg. per 100 cc.; urine examination was 
normal. Lumbar puncture revealed normal 
pressure, negative Pandy test, 20 red blood 
cells and 1 white blood cell per cu. mm. The 


cerebrospinal fluid protein was 40 mg. per 
100 cc. 

He died eleven hours after admission follow- 
ing a progressive downhill course. The clinical 
diagnoses were cerebral hemorrhage and hy'per- 
tensive cardiovascular disease. 

Case ii. F. W., an eighty-t%vo year old 
white man, was admitted to the Neurology' 
Service on June 15, 1944, having collapsed at 
home where he was found conscious on the 
floor but unable to move because of a left 
hemiparesis. Before falling he had been dizzy. 

Physical examination revealed the tempera- 
ture to be 101.2°f., pulse 120, respirations 30, 
blood pressure 125/80. The patient was an 
alert, acutely ill man with left hemiparesis but 
no ewdence of heart failure. Breath sounds were 
stertorous so the heart sounds were obscured. 
A Kernig sign was elicited; there was hypore- 
flexia and swallowing was difficult. 

Laboratory data were as follows: erythrocytes 
5.05 m.; leukocytes 16,550; hemoglobin 14.3 
Gm., no urine w-as collected. Lumbar puncture 
was normal w'ith the cerebrospinal fluid protein 
22 mg. per 100 cc.; blood urea nitrogen 65 mg. 
per 100 cc.; blood Kahn was negative. 

Fluids were aspirated and respiratory distress 
increased. He died two days after admission. 
The diagnoses were thrombosis of the right 
middle cerebral artery and pneumonia. 

Case m. IV. B., a seventy-one year old white 
man with a history of anginal attacks, was ad- 
mitted to the Medical Service on February 4, 
1946, because of marked respiratory difficulty. 
One week before admission the patient had 
become ill, vomited, was weak and became 
dyspneic. There was chest pain ^\'ith the attack. 
He became especially weak on the left side after 
the acute attack but the exact time when hemi- 
plegia occurred could not be learned. 

During physical examination pulse and blood 
pressure readings were not obtainable; respira- 
tions were 45. He was cyanotic and dy'spncic and 
coarse rhonchi obscured the heart sounds. The 
left arm and leg \vere not moved; the patient 
puffed out his left cheek with respirations and 
no reflexes could be elicited on the left. 

No blood count was taken or urinalysis per- 
formed. Postmortem cisternal puncture yielded 
normal cerebrospinal fluid with 5 lymphocytes 
per cu. mm.; blood urea nitrogen was 20 mg. 
per 100 cc. 

He died one hour after admission. Diagnoses 
were acute myocardial infarction with left 
hemiplegia, probably due to embolus. 


AMCRtCAN JOURNAL OF IIEDICINE 



Table 


Myocardial Infarct with Hemiplegia — et al. 769 



DECEMBER, 1949 



Myocardial Infarct with Hemiplegia — Bean et al. 


770 

Case i\\ M. B., a seventy-seven year old 
%vhite \\’oiTian. was admitted to the Neurology 
Serv'ice on April 21, 1946, after having been 
found on the floor at home. 

Physical examination showed; pulse 100, 
respirations 36, blood pressure 85/65. She was 
vety dyspneic. Coarse rhonchi obscured the 
heart sounds. Both arms were flaccid but tendon 
reflexes were retained ^s•hile the legs were moved 
on noxious stimulation but w’ere areflexic. 
Corneal reflexes were absent. 

Laboratory data were as follows; red blood 
cells 4.82 m.; white blood cells 4,750; hemo- 
globin 14 Gm. Urine showed 2+ albumin and 
occasional white blood cells; blood urea nitrogen 
24 mg. per 100 cc. Wassermann reaction was 
negative. Lumbar puncture was normal with 
a cerebrospinal fluid protein of 43 mg. per 
100 cc. .^n electrocardiogram was interpreted 
as left ventricular preponderance and probable 
anterior myocardial infarction. 

Death occurred three hours after admission. 
Diagnoses before the electrocardiogram was 
taken were cerebral hemorrhage or thrombosis, 
acute pulmonary' edema and possible myo- 
cardial infarction. 

C.ASK V. G. S., a seventy-seven year old 
white man, was admitted to the Medical Service 
on March 18, 1947, after becoming delirious 
following a sudden collapse. His pulse was 40, 
respirations 14 and blood pressure 75/40. The 
patient had Chcync-Stokes respirations. Both 
lungs were filled with coarse rhonchi and 
wheezes. No cardiac enlargement was detected. 
Heart rhythm was periodically irregular and 
heart sounds were distant. The right arm and 
leg were spastic. Reflexes were increased in the 
arms and absent in the legs and there was a 
Babinski sign on the right. 

Laboratoty data were as follows; red blood 
cells 5.27 m.; white blood cells 15,200 with 
93 per cent polymorphonuclears. Urine showed 
2-1- albumin, occasional white blood cells and 
2 to 3 red blood cells per high power field ; blood 
urea nitrogen 60 mg. per 100 cc. An clectror 
cardiogram showed complete A-V dissociation 
with idioventricular rhythm. 

Therapy included sedation, plasma and 
fluids. ,Soon after admission he went into periph- 
eral circulator}’ failure, became confused and 
developed a left hemiparesis, weakness and 
acute respirator}’ distress. He died forty-two 
hours after admission. The diagnoses were myo- 
cardial infarction, cerebral vascular accident 
and hypostatic pneumonia. 


Case vi. K. C., a sixty-eight year old colored 
woman, was seen in the Receiving Ward on 
April 18, 1947, after having collapsed on the 
street. She had been treated in the Outpatient 
Department for hypertension and heart failure 
of long duration. Pulse was 100, respirations 30, 
blood pressure 70/?. She was semicomatose and 
showed fine convulsive movements of the right 
arm, neck and face. There was an abrasion of 
the left temple. She did not move her left arm 
or leg and showed weakness of the left face. 
Reflexes were of no localizing value. Respira- 
tions were ver}' labored during the dyspneic 
phase of her Cheyne-Stokes breathing. Basal 
rales and wheezes were prominent in the chest. 
The heart was enlarged with sinus rhythm and 
premature beats but no murmurs, friction rubs 
or gallop rhythm. Neck vein distention was 
notable and the liver extended 3 fingersbreadth 
below the right costal margin. Ankle edema 
was absent. 

No blood count was taken. The urine showed 
rare white blood cells. Lumbar puncture showed 
initial pressure of 220 mm. of water with no 
change in pressure after removal of 7 cc. of fluid. 
There were 48 red blood cells and 7 white blood 
cells per cubic mm. and the cerebrospinal fluid 
protein tvas 47 mg. per 100 cc., blood urea 
nitrogen 21, sugar 294 per 100 cc., GO 2 20.5 
volumes per cent. Lateral skull films suggested 
a fracture in the region of the left lambdoidal 
suture. An anteroposterior chest film showed an 
enlarged heart. 

Intravenous fluids were started and stimu- 
lants given but she died shortly after arriving 
at the hospital. Diagnoses were hypertensive 
cardiovascular disease with cardiac insufficiency, 
possible myocardial infarction, probable en- 
cephalomalacia in right internal capsule and 
possible subdural hematoma. 

COMMENT 

Our experience with a type of stroke 
w’hich attends the early phases of acute myo- 
cardial infarction has been outlined. In this 
hospital it has constituted an important 
although relatively uncommon problem. 
The diagnosis is often missed because 
clinicians who see this type of patient are 
not aware that the cause of “apoplexy” can 
be other than thrombus, embolus or hemor- 
rhage. It is etddent from a survey of perti- 
nent medical papers- "’®- that many dis- 
turbances of cardiac function such as 
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paroxysmal arrhythmias, acute left ventricu- 
lar failure, shock and postural hypotension 
may be attended by hemiplegia which may 
be as transitory as the provoking disturb- 
ances in the heart or may persist after the 
heart resumes more nearly normal function. 
In addition to the clear-cut entity of hemi- 
plegia it is probable that in at least some 
instances confusion, coma, delirium, fainting 
and comuilsions which may usher in, attend 
or follow shortly upon the acute episode of 
myocardial infarction, depend on the reduc- 
tion in blood flow which affects the cerebral 
tissues according to tlie degree and locus of 
disease in the arteries supplying tlie brain. 
Reflexes may also have a part in the dis- 
turbance in cerebral blood flow but this 
remains a speculation. Luminal changes or 
spasm of sclerotic or calcified vessels could 
hardly reach major proportions. 

In some of the brains in the present series 
of cases the changes found are characteristic 
of tlie vasoparalysis described byScheinker.^® 
It is believed that the ensuing deterioration 
of brain cells is adequate to accpunt for the 
continuation of hemiplegia until death. In 
probable instances of this kind in which 
hemiplegia is fleeting, recovery leaves the 
exact diagnosis in doubt but some of the 
rapidly clearing strokes may be of this 
nature. In the occasional instance in which 
transient hemiparesis is repeated in a re- 
curring pattern the clinical picture may be 
explained by restricted blood flow through 
a diseased cerebral artery rather than vascu- 
lar spasm in a “sensitized” or conditioned 
artery. Systemic hypoxia associated with 
heart failure and pulmonary congestion 
may aggravate an already serious condition 
and further the disintegration which finally 
causes death. 

CONCLUSIONS 

Clinical and morphologic data have been 
presented in six patients with major symp- 
toms of acute cerebral disturbance associated 
with recent infarction of the heart. In all but 
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two a myocardial infarct was suspected 
clinically. 

Suggestive evidence has been advanced 
that the pattern of local arterial disease in 
the brain determined the clinical signs and 
symptoms. A reduction of cardiac output 
following infarction of the heart thus may 
lead to the clinical masquerade of an acute 
cerebral vascular accident. 

If the hypodynamic state is severe enough 
or lasts long enough, vasoparesis, vaso- 
paralysis and coalescing small hemorrhages 
may occur. 

The syndrome has received little atten- 
tion. If properly identified and treated, 
there is some chance that one form of 
“stroke” will warrant a more optimistic 
outlook. 
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The Role of Allergy in the Pathogenesis of 

Rheumatic Fever* 

Edwarx) E. Fischel, m.d. 

Keiv York, New York 


A ri’ER a half century of clinical obser- 
/\ vation and investigation the group 
X jL a hemolytic streptococcus has been 
well established as the causative agent of the 
great majority of cases of rheumatic fever, a 
preceding streptococcus infection having 
been documented by numerous methods. 
However, the mechanism by which strepto- 
coccal infection brings about the disease 
state, rheumatic fever, is still obscure. This 
discu-ssion will be concerned with one of the 
suggested etiologic mechanisms, that per- 
taining to bacterial allergy. Many of the 
factors which have been thought to partici- 
pate in the genesis of rheumatic disease arc 
considered in their relationships to the bio- 
chemical, immunologic and pathologic as- 
pects of known allergic processes. 

THE HOST 

.•\s with many diseases which attack with 
some degree of discrimination rather than 
haphazardly as docs a wild contagion, 
rheumatic fever appears to occur in indi- 
viduals predisposed by some feature of their 
constitution. The incidence of multiple 
cases in a family is sufficiently common 
to suggest that this feature is probably 
hereditary. Wilson and her co- 
'vorkers have applied classical technics of 
genetic analysis to this problem. They 
calculate that the predisposition to rheu- 
matic fever occurs in 5 per cent of the 
{X)pulation and that it is inherited through 
a single autosomal gene, as a Mcndclian 


recessive characteristic. However, the possi- 
bility that similar environmental factors 
may be exerted, even through a number of 
generations, has not been excluded and, 
indeed, has been suggested by many 
studies. Wilson-*® states “Final con- 
clusions on the role of environment do not 
appear possible until data arc available on 
the familial incidence of rheumatic fever 
among the well-to-do.” 

The characterization of a predisposed 
constitution does not e.xclude the possibility 
that individuals ordinarily not predisposed 
and with no family stigmata may neverthe- 
less exhibit the same pathologic reaction 
under unusual circumstances. Epidemics of 
rheumatic fever have been described in 
which from 10 to 30 per cent of individuals 
with an acute tonsillitis developed acute 
rheumatic fever. '*’*®'®*’®** .Such epidemics 
were particularly well documented at train- 
ing camps during the recent war, and are 
of special interest because many of the 
known rheumatics had been disqualified 
from servTce.-”’-^®’®"^ Holbrook”* reported 
that the incidence rates for the year 1943 
were in excess of 25 per thousand troops at 
some air bases. During the peak of the 
rheumatic fever season one large post in 
Colorado experienced a rate of rheumatic 
fever in e.xcess of 100 per 1,000 men annu- 
ally. If the subclinical attacks of rheumatic 
fever, as evidenced by changes in sedi- 
mentation rate or electrocardiograms, arc 
included, tlic rates may be still higher.-®®’-’^ 


* From the Dcp.irtracnt of Medicine, Columbia University College of Physicians and Surgeons, and the Edward 
Daniels Faulkner Arthritis Clinic of the Presbsterian Hospital, New York, N. Y. This work was done during the tenure 
of a Life Insurance Medical Research Fellowship, and was aided in part by the Masonic Foundation for Medical 

Research and Human tVclfare. 
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How the constitutional predisposition 
noted in usual civilian practice is effected 
is not known. Several possibilities exist 
which have their analogies in studies on 
experimental animals and on humans. 
These include the inheritance of some quali- 
tative or quantitative alteration in the host’s 
ability to cope with infection, a predisposi- 
tion to allergy’- and an alteration in the end 
organ affected, in this instance the host’s 
connective tissue system. Inherited strain 
differences in degree of resistance to infec- 
tion have been well studied in guinea pigs^®° 
as have variations in ability to produce 
antibodies, to become passively sensi- 
tized;^®® and to become actively allergic.^® 
Rheumatics have generally failed to give a 
personal or family history of increased 
incidence of allergies such as hayfever or 
eczema. A greater frequency of reactions to 
sulfanilamide^''*’^®^ and to non-specific 
skin tests^^^ has been reported but was not 
noted in another series®^ and has not been 
recognized with the use of the newer anti- 
biotic agents (personal observations). 

In addition, the host’s contribution to the 
illness has been suggested by various studies 
on dietary deficiencies, particularly in 
relation to vitamins A and C and pro- 
teins.^®'^^® These have not been confirmed, 
however, and the deficiencies have not been 
shown to differ from alterations occurring 
in many acute and chronic febrile illnesses. 
The disease is extremely variable from case 
to case, and from time to time in the same 
case. It is, moreover, difficult to make a 
quantitative appreciation of dietary habits. 
Therefore, studies on both these variables, 
the disease and the diet, are difficult to con- 
trol and evaluate. 

Before leaving the consideration of host 
factors, it should be noted that clinical 
rheumatic fever may, in a sense, be a mag- 
nification of processes that occur to a lesser 
degree in many individuals recovering from 
a streptococcic sore throat. It is difficult to 
draw the line between elinical rheumatic 
fever and the cases of pharyngitis which 
continue to have a low fever, a few transient 
electrocardiographic changes or a mildly 
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elevated sedimentation rate for longer than 
the usual period of time. The existence of 28 
to 50 per cent of 2,500 cases of rheumatic 
valvular disease without a history of previ- 
ous recognized rheumatie fever, empha- 
sizes the inadequacy of any attempted dif- 
ferentiation between the apparently minor 
changes and the full blown rheumatic syn- 
drome. No adequate history of acute 
rheumatic fever was found among a similar 
percentage of women with organic valvular 
disease at the Boston Lying-In Hospital. 
Rantz, et al.®®® found that about one-third 
of 185 men with streptococcal sore throat 
had electrocardiographic changes, elevated 
sedimentation rate or some manifestation of 
“continuing disease.” Twenty-one of the 
185 had electrocardiographic changes simi- 
lar to those of acute rheumatic fever but 
only nine had arthritis and were clearly 
diagnosed as acute rheumatic fever. Watson, 
Rothbard and Swift®^^ found that of 110 
cases of scarlet fever eight developed frank 
rheumatic fever, but eleven others had 
changes which they considered qualita- 
tively, although not quantitatively, to be 
those of rheumatic fever. With reference to 
the occurrence of subclinical pathologic 
phenomena following streptococcic infec- 
tions, it is of interest to recall Lyttle’s studies 
in fourteen cases of scarlet fever. He found 
that all the patients developed a sudden 
explosive increase in urinary red cells, white 
cells and casts, by Addis count, about two 
weeks after the onset of scarlet fever 
although none developed clinical acute 
nephritis. 

THE AGENT 

Many features of acute rheumatie fever 
resemble aspects of infectious disease. In- 
vestigators have naturally sought for an 
infectious agent as the cause of the rheu- 
matic state. Various organisms have been 
suggested, including viruses, a virus-strepto- 
coccus combination, the tubercle bacillus 
and various kinds of streptococci. 

A virus as the etiologic agent was pro- 
posed by Aschoff because the typical myo- 
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cardial lesions suggested to him the reac- 
tions to viruses at other sites in the body. 
However, the early lesions in rheumatic 
fever involve the extracellular connective 
tissue and the later infiltration appears to 
be a secondary phenomenon. In this 
selectivity for connective tissue and in its 
intercellular localization, the pathology' of 
rheumatic fever is unlike that of known 
v'irus infections. The virus hypothesis 
gained in popularity for a time when 
Schlesinger ct al.--® found particles re- 
sembling elementary" bodies in pericardial 
fluid. Although these particles were ag- 
glutinated by sera from rheumatic patients, 
subsequent work by Eagles and Bradley®* 
showed that such particles were non- 
spccifically agglutinated by sera from vari- 
ous types of arthritis, including gonococcal. 
Attempts to transmit the “virus-like bodies” 
to monkeys were unsuccessful.®^ In 1945 
MacNeal ct al. claimed to have transmitted 
a virus from the blood and pericardial 
fluid of rheumatics to animals and chick 
embryos.'®® 

In animals, various viruses, plcuropncu- 
monia-likc organisms and other agents have 
been found to cause myocarditis but no 
association with clinical rheumatic fever 
could be established. '®*'*°®'***'*’® 

The demonstration that a streptococcus 
could not cfTcctively establish itself when 
instilled onto the nasal mucosa of ferrets 
unlc.ss an influenza virus infection was 
present® is of interest in view of the sug- 
gested symbiotic virus-streptococcus rela- 
tionship in rheumatic fever. However, 
attacks of influenza and common cold un- 
accompanied by streptococcal infection 
have not given rise to rheumatic fever while 
epidemics of streptococcic tonsillitis, ap- 
parently unassociated with virvis infection, 
liavc resulted in appreciable attacks of 
rheumatic fever.*®-®'’®*-'* 

It has been stated that the tubercle 
bacillus is the causative agent of rheumatic 
fever, particularly in the European litera- 
ture.'®' Wliilc the work on which this hypo- 
thesis is based has not been reproducible, it 
is nevertheless of interest in this discussion 


because tuberculosis and allergy to the 
tubercle bacillus have frequently been used 
as patterns for hypothesis and investigation 
of the role of tlie streptococcus or other 
agents in rheumatic fever. Tuberculin 
reactions can be produced in various 
visceral sites in tuberculous animals. The 
resulting lesions are similar to the non- 
specific cellular infiltration that occurs in 
die various attempts at the experimental 
production of rheumatic fever. The occur- 
rence of Aschoflf-like bodies in tuberculous 
hearts has been reported."®-"® 

There is now overwhelming evidence 
that most cases of rheumatic fever can be 
related to a preceding infection with a 
hemolytic streptococcus. Acceptance of this 
relationship has been slow but it is now 
widespread. 

In 1880 Heberden described rheumatic 
fever and noted that it usually folloivcd 
acute tonsillitis. In the same year Fowler 
reported twenty cases of acute rheumatism 
preceded by tonsillitis. Five years later 
Mantle reemphasized this relationship and 
spoke of rheumatic fever as a common com- 
plication of infectious sore throat.®* It 
remained for Chaedlc to present in 1889 
the vagaries of clinical rheumatic fever in 
his classic monograph.*" 

With the application of bacteriologic 
technics the streptococcus was found to be 
the most prominent organism in the pharyn- 
geal flora preceding the rheumatic attack. 
Investigators were first interested chiefly in 
the Streptococcus viridans and a non- 
hemolytic streptococcus."-*®®-*'"'*"-*®® After 
attention had been focused on the Strepto- 
coccus hemolyticus in scarlet fever,®® and 
an antigenic classification of the strepto- 
coccus became possible,"* three reports 
appeared in England and in the United 
States which incriminated the hemolytic 
streptococcus, particularly of Lanccficld’s 
group A.*®-®'-*** Coburn presented im- 
pressive epidemiologic, bacteriologic and 
immunologic evidence relating the Str. 
hemolyticus to the infectious process which 
precedes the development of most of the 
cases of rheumatic fever.*®-"-'® Since that 
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time a voluminous literature of confirmatory 
reports has accumulated. 

Bacteriologic and epidemiologic studies 
have been made of numerous epidemics of 
sore throat followed by an appreciable 
incidence of rheumatic fever. 

The seasonal incidence of hemolytic 
streptococcus infection has been found to 
parallel the incidence of rheumatic fever. 
Coburn^® cites many references to show the 
geographic coincidence of the two diseases 
but tliis relationship is not as constant as 
the seasonal incidence. In 1935 Seegal, 
Seegal and Jost reported that the incidence 
of acute glomerulonephritis was similar in 
northern and soutliern latitudes but that the 
incidence of hospital admissions for rheu- 
matic fever and scarlet fever was lower in the 
South."^'* These diserepancies have been 
resolved somewhat by recent evidence that 
rheumatic stigmata are rather commonly 
found at autopsy in tropical countries, and 
that clinically the disease appears to be 
much less dramatic in its symptomatology. 
In addition there is a reported increase in 
the incidence of rheumatic fever at autopsy 
in certain tropical countries. 

Rheumatic fever seems to be appreciably 
frequent in North Africa.^® 

Many cases of rheumatic fever (about 
70 per cent in the early studies of Poynton) 
present themselves with no history of a 
preceding sore throat. The existence of a 
subclinical streptococcal infection can fre- 
quently be detected by the demonstration 
of antibodies to many of the antigens of the 
streptococcus. One of the most widely em- 
ployed of these is the antibody to the 
streptococcus hemolysin “O,” defined as a 
serologically distinct entity by Todd.®®^ 
About 80 to 90 per cent of rheumatics 
studied in many different countries show 
a rise in the antistreptolysin (ASL) titer. 
^5.94,133,191,207.256.263.282 ^t first a pathog- 

nomonic type of curve with a delayed rise 
was thought to occur in rheumatic subjects 
but more recent studies have shown no con- 
sistent type of curve. Moreover, a slowly 
I'lsing curve was found to occur in many 
other streptococcal infections in which the 
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antigen is found to persist, as in otitis 
media and other subacute and persistent 
infections. 

Antibodies to other antigens derived from 
tlie Str. hemolyticus have also been found 
in acute rheumatic fever. The antifibrinoly- 
sin, or antistreptokinase of Christensen and 
MacLeod,®^ has been studied extensively as 
evidence of previous infection with hemo- 
lytic streptococci in rheumatic individu- 
4, 1C, 100,192, 260,282 addition, skin sensi- 
tivity, precipitins and complement-fixing 
antibodies have been found to “nucleo- 
protein” fractions of the streptococcus, 
although with increasing age a fair per- 
centage of normal individuals also show skin 
sensitivity to these fractions.^^’®®’®^’^®®’^®'*' 
169,232, 253 sensitivity and precipitins to the 
type specific “M” substance have also been 
described. None of these antibody 
responses appears to differentiate the rheu- 
matic from other individuals with infections 
due to the Str. hemolyticus. It has been 
reported that the antibody response to the 
“S” hemolysin is less marked in rheumat- 
ics^®® although the differences were not 
striking. The extreme lability of the sub- 
stances involved in this reaction makes 
extensive study difficult. Rantz and Ran- 
dall®®® reported the increased frequency of 
an “anti-x” antibody in post-streptococcal 
arthritis as compared with other post- 
streptococcal conditions. As yet there has 
been no adequate definition of the nature 
of the reported antigen to permit critical 
comment. 

Finally, evidence relating the Str. hemo- 
lyticus to the development of rheumatic 
fever is obtained from the prophylactic use 
of antibiotics such as the sulfa 
and penicillin. ^^® The administration of 
sulfadiazine to naval trainees was accom- 
panied by a diminution of 85 per cent in 
the incidence of acute tonsillitis and of 
rheumatic fever when compared to the 
incidence in control groups.®® With the 
appearance of sulfa-resistant strains in some 
localities tonsillitis and rheumatic fever 
recurred, exhibiting their usual relationship 
to each other. 
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No particular strain or type of group A 
streptococcus has been shown to have the 
exclusive property of initiating a rheumatic 
attack.--'^ The admirable epidemiologic 
studies of the Army Air Forces Rheumatic 
Fc\-cr Control Program revealed that infec- 
tion with various t^^DCs was associated with 
the subsequent development of rheumatic 
fever. Indeed it has been suggested tliat 
rheumatic fever may be caused by infection 
with one type, followed by a subsequent 
infection with anodier t^qae of hemolytic 
streptococcus.*-^’'®" In several epidemics of 
streptococcus sore throat it was found that 
the incidence of rheumatic recrudescences 
was 40 to 60 per cent with all t^q^es en- 
countered except Type 4. Infection with tlie 
Type 4 streptococcus was followed by no 
attacks of rheumatic activity in these epi- 
demics.*''® Organisms of this type were found 
to lack capsular material. One substance 
known to be present in the capsule is the 
mucopolysaccharide, hyaluronic acid.*®® It 
is peculiar that this substance, although 
widely distributed in the connective tissue 
and related mcscnch)Tnal structures of 
animals, is present in only one bacterium, 
the mucoid phase of the Str. hcmolyticus of 
all types except 4 and 22. As yet, many 
attempts to detect antigenicity in hyaluronic 
acid have been futile. 

Despite the ma.ss of evidence linking the 
liernolytic streptococcus to the rheumatic 
proce.ss, the latter cannot be visualized 
merely as a kind of infection with the 
streptococcus but appears to involve other 
determining mechanisms. That the strepto- 
coccal infection per se docs not constitute the 
rheumatic procc.<;s is apparent from the 
following observations; (1) In rheumatic 
conditions the joint fluids and blood stream 
arc usually sterile.®''® (2) The frequency of 
infection with Str. hcmolyticus is not paral- 
leled by a similar frequency of rheumatic 
fever. (3) 'I'hc severity of the streptococcal 
infection bears no relation to the severity of 
the subsequent attack of rheumatic fever. 
Treatment of the streptococcal infection 
once it is established has little apparent 
effect on the development of the subsequent 


rheumatic attack. (4) In almost all series 
of rheumatic fever cases there is a small 
percentage with no history or laboratory 
evidence of a preceding streptococcal infec- 
tion. In addition, recrudescences have been 
obseiv'ed following various types of trauma, * ® ® 
splenectomy*®’*®® and typhoid innocula- 
tions.*'* Suggestive lesions occur in humans 
with other infections.**®’*'® (5) Streptococcal 
infection alone cannot constitute the rheu- 
matic process because such infection occur- 
ring in known rheumatic subjects is nol 
followed by a recrudescence of aetivity in 
as many as 50 to 60 per cent of the cases.''®’ *''® 
(6) Finally, the lack of chronologic coinci- 
dence of the two processes speaks against 
the identity of rheumatic fever and the 
infectious process. The latent period be- 
tween the occurrence of acute tonsillitis and 
the onset of rheumatic fever was first noted 
by Haig-Brown in 1899.®* “An attack of 
acute rheumatism is very frequently pre- 
ceded by one of acute tonsillitis; it may be 
as long a time as five or six weeks but more 
usually ten days to a fortnight, while as has 
been already stated, the two may be coinci- 
dent in time. In fact, it is rare to meet a case 
of rheumatic fever which has not been 
recently preceded by a sore throat.” It is for 
these reasons among others that attention 
was directed away from the infectious process 
alone and toward the allergic process result- 
ing from it, as the possible cause of rheu- 
matic fever. 

THE REACTION 

Many obserx^ers have suggested that 
rheumatic fever may be the result of an 
allergic mechanism. Menzer in 1902 sug- 
gested that rheumatic feverdisplaycd certain 
unusual manifestations which could not 
be ascribed simply to an infectious process. 
He is credited with being the first to advance 
the thcorq" of an allergie type of mechanism 
at a time when allcrgq- was scarcely defined. 
Because rheumatic fever resembles the 
clinical picture of serum sicknc.s.s, a disease 
which was the subject of a classic mono- 
graph by von Pirquet and Schick,®®' Wein- 
traud®'® believed that an allergic process 
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was common to both diseases. In the same 
year (1912) Escherich and Schick suggested 
an allergic mechanism after observing that 
the latent period for the development of 
rheumatic fever following scarlet fever was 
similar to that period necessary for the 
production of active sensitization or im- 
munization.*’® In 1914 Kerry produced 
lesions similar to Aschoff nodules by re- 
peated local and intravenous injections into 
rabbits with an “endotoxin of diplococci” 
obtained from cases of rheumatic fever. On 
this basis he subscribed to the allergic 
hypothesis. His illustrations are rather im- 
pressive.**® He states that his experiments 
“me paraissent eclairer singulierement la 
pathogenie de I’arthrite rhumatismale; elles 
permettent de I’envisage d’une facon toute 
nouvelle, grace a la theorie de I’anaphylaxie. 
Pour moi, I’arthrite rheumatismale serait un 
phenomene d’anaphylaxie locale.” 

The experimental study of certain allergic 
reactions has led many investigators to con- 
clude that an analogous process may result 
in tlie tissue damage which is clinically 
manifested as the rheumatic state. These 
investigators include Zinsser, 2 ®® Swift, ’*'*■*' 
Klinge*'** and more recently Brun,^* Rich^*"* 
and others. 

Too often the term “allergy” brings to 
mind clinical diseases such as hayfever and 
urticaria. These transient manifestations of 
the union of certain antigens with their 
antibodies should be distinguished from the 
necrotizing types of allergic reactions of 
which the chief prototypes are the Arthus 
reaction and the tuberculin reaction.®®’^®® 
Because these reactions cause tissue damage 
and subsequent cellular infiltration not un- 
like that which occurs in some rheumatic 
lesions, it was believed of particular interest 
that the mechanisms of these be elucidated. 
In the absence of a method for experi- 
mentally inducing rheumatic fever, these 
reactions provide an hypothetic analog of 
the rheumatic state. It would be of interest 
to consider in detail the Arthus reaction, 
bacterial allergy and a third type of reac- 
tion, isosensitization. 

The Arthus Reaction and Serum Sickness. 


111 

The Arthus reaction is a localized necrotic 
inflammatory response to the union of 
certain antigens with antibody. It is similar 
in many respects to anaphylaxis and has 
unfortunately been called local anaphylaxis 
with no little confusion of terminology. In 
each reaction circulating antibody is demon- 
strable and bears a distinct relationship to 
the production of the particular lesions. 
The quantitative relationships of the two 
reactions have been reviewed by Rabat. *^® 
Anaphylaxis is in part mediated by his- 
tamine or some similar substance, presum- 
ably released from cells in the presence of 
the antigen-antibody complex.®®** The end 
organ in anaphylaxis is smooth muscle, 
particularly in one or another locale accord- 
ing to the species of animal studied.®®® In 
the rabbit the Arthus reaction appears to 
afiect the smooth muscle of the blood 
vessels.* The Arthus reaction, originally 
produced in the skin, is a more intense and 
persistent process of an inflammatory nature. 
By the use of a single protein antigen and 
known amounts of the homologous anti- 
body, as determined by the quantitative 
precipitin technic of Heidelberger and 
Kendall, it has been demonstrated that the 
severity of the Arthus lesion appears to be 
directly related to the amount of antibody 
available to the site of injected antigen.*® 
The Arthus reaction has been most widely 
studied in the skin but it reflects the union 
of antigen with antibody at any site in the 
body. Friedberger®® was the first to produce 
an aseptic arthritis by the intra-articular 
injection of a foreign protein, horse serum, 
into sensitized rabbits. Since then the 
Arthus type of reaction has been produced 
experimentally in many sites, including 
heart and pericardial sac,®’*®®’®®® joints,®*’**® 
brain,®® kidney,*®® eye,®®* lungs,®*’®®’®' 
liver,*®®’*®® isolated blood vessels*®* and even 
the vermiform appendix. '® Other studies of 
local hypersensitivity in diflerent sites have 
been reviewed by Seegal, Seegal and Jost.®®® 
Clinically the Arthus reaction has its 
parallel in serum sickness in which residual 
antigen is known to unite with antibody 
throughout the body.*®*’*®*'*®®’*"®’®®* Clark 
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and Kaplan demonstrated mesenchjrmal 
alterations occurring in serum disease in 
man.®- Generally the lesions were not as 
dramatic as those found in experimental 
work. Besides the local Arthus reactions 
mentioned above, numerous studies have 
been made of the systemic or scrum sickness 
type of reaction after injections of foreign 
proteins into animals. In 1917 Boughton 
injected guinea pigs with egg white or beef 
scrum repeatedly and found degenerative 
lesions in all of the livers and spleens and 
in two-thirds of the kidneys and hearts.*' 
Klingc and his school have published ex- 
tensively on this type of experimental pro- 
cedure, particularly in Virchow’s Archiv 
1929-1939. The “hyperergic reaction” 
is a supposed “morphological equivalent” 
of rheumatic lesions.®®® The list of other 
workers who have employed the serum 
sickness type of technic locally and systemi- 
cally includes Vaubcl,®®" Rocsslc,®®® Brun®* 
and Rich.®*'* Of particular interest is the 
work of Hawn and Janeway.*** These in- 
vestigators injected different fractions of 
plasma jjroteins — crystalline bovine albumin 
and highly purified gamma globulin — into 
rabbits. The former substance resulted in 
pcriartcritis-likc lesions while the globulin 
gave predominantly renal lesions. The 
temporal relationships also differed in the 
development of these lesions, much as they 
did in the work of Doerr and Berger.®®® 
Serologic reactions appear to have a 
specificity not only in rttro'*® but, to a 
certain degree, in vivo. 

Bacterial Allergy and Tissxte-ftxed Antibodies. 
'fhe tuberculin reaction is the prototype for 
the bacterial allergic reaction. ®® ®®*'®‘'® It is 
not transferable with scrum of the sensitized 
animal nor can prccipitins be demonstrated 
in the scrum. Rather, it appears that the 
sensitizing agent, an antibody in the true 
sense of the word, is fixed to cells of the host. 
Washed cells from a peritoneal exudate can 
transfer the sensitivity®* and in this respect 
it is similar to the allergy to simple chemical 
compounds. Sensitive white cells arc 
lysed by exposure to the antigen’* and the 
growth of connective tis.sue or Ixmc marrow 


cell cultures can be inhibited by exposure 
to the specific antigen.®’®*' Cell cultures 
from an animal sensitive to horse serum and 
tuberculin ^vere affected only by the latter.® 
The specificity of the reaction has been cor- 
roborated.**® Similarly the cells of animals 
sensitive to a “nucleoprotein” extract of 
streptococci were found to be inhibited by 
exposure to this antigen.**' Lurie’s work*®* 
in this connection is particularly pertinent. 
Mononuclear cells from rabbits immunized 
to tuberculous infection preserved their 
power to inhibit the growth of tubercle 
bacilli when transplanted to the anterior 
chambers of normal rabbit eyes. Similar 
cells from normal rabbits did not possess 
or acquire this property, even when placed 
in the anterior chamber of the eye of an 
“immunized” animal or suspended in tlic 
serum of such an animal. 

The lesions produced in die Arthus and 
tuberculin reactions arc the subject of some 
discussion. Opie described multiple small 
thromboses as the basic lesion in the Arthus 
reaction which then cause cell death sec- 
ondarily and subsequent polymorphonu- 
clear leukocytic infiltration.*®® This is in 
accord with Gcrlach’s observation that the 
Arthus reaction is not dependent on the 
leukocytic infiltration but can occur in 
agranulocytosis.®® The tuberculin reaction 
has been described by Dienes and Mallory 
as chiefly mononuclear in character, even 
early’- in tlic development of the lesion.-’* 
This was confirmed by Lurie*®* and by 
Feldman and Fitch,'® but Rich and Follis®*® 
found that poly^morphonuclcar cells pre- 
dominated. Sabin®®* has shown very im- 
pressively- that different cellular infiltrations 
result when various fractions of the tubercle 
bacillus arc injected into sensitized animals. 
It would appear that the reaction depends 
on the chemical constitution and toxicity 
of the antigens employed, the amount of 
antigen and antibody' uniting, the speed of 
the reaction and the site at which it occurs. 
These obser\'ations again emphasize an 
aspect of the specificity of immunologic 
reactions in vivo. 

Not only can the antibody of the tuber- 
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culin reaction be demonstrated on the cells 
of the host but the cells of the inflammatory 
reaction appear to be responsible in great 
part for the production of this particular 
type of allergic reaction. Antigens which 
ordinarily produce circulating antibody 
and an edematous wheal and erythema 
type of response are said to have elicited a 
tuberculin type of response. If egg 
albumin is injected into a tuberculous focus, 
the subsequent injection of egg albumin 
does not elicit the same type of reaction as 
is induced in animals sensitized to egg 
albumin according to the usual technic. 
Rather a delayed reaction results, similar 
nto the tuberculin or severe Arthus reactions. 
^The production of an increased amount of 
' antibody to egg albumin injected into a 
tubereulous site may account, in part, for 
the stronger reaction. The route of 
sensitization is known to affect the type of 
allergic response, the potency of the anti- 
genic stimulus and the type of antibody 
produced. Thus the intravenous adminis- 
tration of antigens was found to result in 
an immune type of skin reaction to the 
antigen, while subcutaneous administration 
resulted in an allergic inflammatory skin 
test.'® The C substance of the streptococcus 
is an effective antigen when introduced 
intravenously but not subcutaneously. 
Using rabbit globulin, Treffers, Heidel- 
berger and Freund*'’ showed that intra- 
venous administration in the horse resulted 
in a characteristic precipitable antibody. 
The subcutaneous administration of the 
same antigen gave rise to low grade “uni- 
valent” antibody which did not precipitate 
with the soluble antigen. 

These studies are in accord with the view 
that antibodies are not produced by any 
single cell type but may be elaborated by 
almost any cell exposed to the proper 
stimulus. Local tissue immunity has been 
the subject of many investigations.®'' Many 
cells, including the highly specialized cells 
of the central nervous system'^®’ the 
skin epithelium '® and mucous membranes^®® 
have been thought to retain certain basic 
mechanisms such as sensitization to previ- 
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ously encountered noxious stimuli. Antibody 
has been clearly demonstrated in corneal 
tissues sensitized locally when no circulating 
antibody was demonstrable.^®® It should be 
emphasized that all these cells need not con- 
tribute to the circulating antibody. The 
latter may well originate from certain cell 
types,*® particularly the cells of the reticulo- 
endothelial system®®’®® plasma cells,'® and 
perhaps other cells in the lymph nodes. ®'’®®’ '®' 
Such cells appear to have potentialities to 
become various cell types of mesodermal 
origin. The inflammatory cells of the classical 
rheumatic lesion, the Aschoff nodule, may 
belong to this cytologic family.®®’®®’'®®’'®® 
The tuberculin reaction has served as a 
pattern for attempts at the experimental 
production of rheumatic fever. When living 
organisms are injected, it is not unlikely 
that the resulting disturbance may in part 
be due to an allergic reaction; however, the 
damage done by the living organism and 
its toxins frequently confuses the picture. It 
is therefore easier to evaluate lesions in 
which only the sterile products of organisms 
or killed organismsare employed . Magrassi ' ' ' 
reported that the repeated injection of dead 
streptococci gave lesions highly suggestive 
of rheumatic fever. Subsequently, it is stated 
that some of his lesions may have been due 
to septicemia.®'® Faber'® in 1915 and later 
Hitchcock, Camero and Swift"' used re- 
peated injections of living and dead strepto- 
cocci, as did Clawson,®^ and obtained some 
perivascular and granulomatous lesions. 
Recently Swift®’'®" showed that repeated 
intradermal infections of rabbits with hemo- 
lytic streptococci occasionally resulted in 
striking cardiac lesions. A pathway for the 
experimental production of rheumatic fever 
is indicated by this type of study if it were 
demonstrated that non-viable fractions of 
the streptococcus could produce such lesions, 
and that infections with other organisms did 
not result in this type of reaction. When 
tubercle bacilli were injected into the peri- 
tonsillar region of rabbits and the animals 
subsequently injected intravenously with 
the organisms, lesions of a rheumatic nature 
were also reported.® Products of the strepto- 
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coccus and other organisms have been 
used for the production of visceral and 
vascular lesions of allerg)'.”''--®' After an 
c-xlensivc review and original work, Gross, 
Loewe and Eliasoph concluded that lesions 
produeed by this type of technic arc not 
characteristic rheumatic lesions.®® 

Both the Arthus and tuberculin types 
of reaction have been employed as basic 
patterns for attempts at the experimental 
production of rheumatic fever. While these 
studies arc not conclusive and have been 
challenged.’ they arc highly suggestive. 
They demonstrate that allergic reactions of 
the necrotizing variety can be produced in 
this way and that in certain instances and 
certain sites particular cells may be inti- 
mately sensitized without evidence of such 
sensitivity in the scrum, as in the tuberculin 
reaction. The pattern for the suggested 
pathogenesis of rheumatic fever thus has a 
foundation in the ijasic mechanisms of these 
allergic reactions. 

Iwsatsilt'ation ami Aulosensili^^ation. Other 
technics have been employed in the study 
of the pathogenesis of rheumatic fever. The 
.Arthus technic classically employs a foreign 
antigen and the host's antibody, and the 
reaction may occur on any tissue surface, 
with damage to the cells of that vicinity. 
When the surface itself is made the antigen, 
a more selective lesion may obtain. The 
studies of Ma.sugi.'’’ Smadel and Farr®^" 
and Scegal and Loeb®®' on nephrotoxic 
nephritis basically employ tiic host's tissue 
(kidney or placenta) as antigen and use a 
heterologous antibody. Attempts to do the 
same, using heart or connective tissue as 
antigen, have proved Ic.ss fruitful. 

One of the constituents of connective tissue is 
the mucopolysaccharide hyaluronic acid.'*'® 
Unsucce.ssful attempts have been made to 
detect antibodies to this substance. It has 
been sustgested that the failure of hyaluronic 
acid to function as an antigen or hapten 
might Ik' accounted for by the fact that the 
substance occurs normally throughout the 
mammalian omanism.®® *•'• 1 ::. 

Finally, attempts liave been made to em- 
{>!f)y antisteit and antibody derived from the 


same species — the autoantibody system. In 
1933 Burky found that rabbits sensitized to 
staphylococci also developed sensitivity to 
the muscle tissue of the broth in which the 
staphylococci were grown.®® The obseiv^a- 
tion was extended and it was found that 
staphylococcal toxin exerted a type of ad- 
juvant, or synergistic effect, which con- 
ferred a greater power of antigenicity to 
rabbit muscle, lens and uveal tissue in 
rabbits.”® The observation that rabbits do 
have a circulating autoantibody”® has been 
attributed to the fact that only the older 
rabbits displayed these antibodies, and they 
presumably had had infections which may 
have produced the phenomenon naturally. ' ®® 
Generally the streptococcus has not been 
as potent an adjuvant as the staphylococ- 
cus. -28.252 However, Cavelti reported that 
dead streptococci mixed with_ rat kidney 
produced autoantibodics and renal lesions 
similar to glomerulonephritis in rats. His 
report on the parallel technic for the pro- 
duction of autoantibodics to rat heart®® docs 
not have as dramatic illustrations as those 
of renal lesions. In our experience the 
results of this type of experiment arc incon- 
stant. The most frequent lesions encountered 
were granulomas of the lung.'' These and 
other abnormalities occurred with Freund's 
emulsion and tubercle bacilli alone. Re- 
cently, Peek and Thomas reported the 
failure to produce rheumatic-like Ic.sions 
using ti.ssuc extracts, streptococci and adju- 
vants.®®' The analogous experiment with 
homologous brain tissue and the adjuvants 
of Freund and McDermott®' produces 
striking lc,sions in the central nervous system 
of monkeys.'®'-'®® 

Clinically, isoantibodics do frequently 
cause damage to humans in such situations 
as erythroblastosis fetalis, the Donath- 
Landsteiner phenomenon, acquired hemo- 
lytic icterus and occasionally cold aggluti- 
nation. However, the commonly oljscrv'cd 
\S'asscrmann antibody in .syphilis is an 
antibody to a constituent of normal ti.s- 
sucs®'-*'®-®®' and docs not appear to produce 
widesjjread tissue damage, nor docs the 
nattirally occurring antibody to rabbit tis- 
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sues appear to be a detrimental influence 
to the rabbit.^®® 

Lack of Specificity of the Pathology of Necrotiz- 
ing Allergies. The criteria for the establish- 
ment of the relationship of allergy to 
certain infectious diseases have been dis- 
cussed by Opied®' Substantial difficulties 
are present in any attempt to ascribe an 
allergic basis for the manifestations of 
readily diagnosable infectious diseases. In 
the consideration of rheumatic fever these 
difficulties are increased by the additional 
uncertainty attendant upon the clinical 
definition of the rheumatic state. Reports of 
the experimental production of rheumatic 
fever have met with several cogent criti- 
cisms. Unfortunately, the diagnosis of rheu- 
matic fever clinically does not involve any 
single pathognomonic finding. In animals 
the criteria for the production of the rheu- 
matic state are even more confusing and 
usually rest on the lesions produced. Again 
and again it becomes necessary to recall the 
axiom that the body can react in but a 
limited number of ways to numerous and 
varied stimuli. Viruses may cause cell 
proliferation or cell death, with attendant 
secondary effects on blood supply and 
cellular infiltration. Various other infectious 
agents, neoplasms and physical stimuli can 
cause similar pictures. Many chronic infec- 
tions and some acute ones present the 
well known perivascular accumulation of 
lymphocytes and mononuclear cells. Ex- 
perimentally and clinically, this has been 
seen with all types of pyogenic bacteria, 
acid-fast bacilli, viruses, 

239.266 OeIIer^®“ showed that perivascular 
accumulation of mononuclear cells occurred 
within an hour after injection of avian 
erythrocytes into guinea pigs. In acute 
reactions the perivascular and intravascular 
lesions resemble those of periarteritis no- 
dosa. Such lesions have been found 

m a variety of conditions such as asth- 
ma,2‘3 gonococcal septicemia^’-^ and sulfa 
sensitivity. 

This lack of versatility on the part of the 
body in reacting to many injuries is em- 
phasized by students of Klinge and more 
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recently by Klemperer and Selye.^^^ The 
criteria for the establishment of an allergic 
process as the cause of a disease cannot, 
therefore, be as specific as the criteria 
postulated by Koch for the determination 
of the etiologic agent in infectious disease. 
However, within limits, there does appear 
to be a certain specificity of immunologic 
reactions in vivo, as was noted previously. 

Rheumatic fever has been diagnosed by 
a number of morphologic changes:®^’^®'^ 
(1 ) There is, at first, swelling and “fibrinoid” 
degeneration in the ground substance sur- 
rounding the connective tissue fibrils. 

254 ('2) The site of the reaction is chiefly in 
the connective tissue, usually in the septa 
of the heart and around blood vessels 
although there is adequate clinical and 
pathologic evidence that the disease is wide- 
spread throughout the body.^^®'^®^’^®® (3) 
Round cell infiltration of a non-specific 
nature occurs, as discussed above, along 
with proliferation and hyperplasia of the 
connective tissue cells and the appearance 
of “specific” Aschoff cells. These latter cells 
may be a type of plasma cell or a derivative 
of the cardiac connective tissue cell.^’®'®'’®®’ 
165,243 specificity of these cells, so 

strongly maintained by Aschoff,^ is open 
to question. (4) Finally, hyalinization and 
scar formation occurs in the collagenous 
septa or in the connective tissue of the 
cardiac valves. 

The sequence of these lesions has been 
debated®® but each or all of them are used 
by experimental workers as criteria for 
“rheumatic” activity. However, these lesions 
can be produced singly or in combination 
by various stimuli: physical (pinching the 
skin®®®), chemical (allyl amine,®® benz- 
pyrene,^®® nitrites^®^), hormonal (adrenal 
hormones,®®®’®®'" thyroxin,^®* pitressin,^®®), 
and other stimuli.^®® Various infections, as 
previously stated, and in addition “malig- 
nant” hypertension,®®'®®^ 5(>m.yyi63,2i9,226 

other severe systemic illnesses give rise to 
some of these lesions. Indeed, these stigmata 
may be quite common, for Hall and Ander- 
son report that rheumatic stigmata were 
found in about 90 per cent of 112 hearts 
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studied minutely although none showed 
evidence clinically or grossly of rheumatic 
fever.'®- “Spontaneous” cardiovascular 
lesions occur frequently in rabbits and 
rats"’^-'^ and arc probably the result of 
naturally occurring infections. Chronic val- 
vular disease, similar to that produced 
clinically by rheumatic fever, has not been 
produced by the experimental procedures 
discussed above. This lesion has been ob- 
tained only after the use of living organisms, 
which presumably cause an acute septic 
endocarditis and then a healed or chroni- 
cally infected scarred valvulitis.^" 

Subcutaneous nodules and erythema no- 
dosum arc other lesions which have been 
studied in an attempt to elucidate the 
mechanism of production of the rheumatic 
state. Here again there is a lack of specific 
histologic character and a variety of clinical 
and experimental conditions associated with 
the appearance of these lesions.'"" These 
preclude a definitive statement concerning 
the specific role of the experimental pro- 
cedures said to induce the lesions. Trauma 
and the subcutaneous injection of the pa- 
tient's own blood have been employed to 
induce the formation of subcutaneous nod- 
ules'"’ but another investigator failed to 
repeat this obscivation.'®' Injections of a 
jjrotcolytic enzyme have also been reported 
to stimulate the formation of subcutaneous 
nodules.'''*’ Subsiding erythema nodosum 
was reactivated in tuberculous patients by 
the injection of old tuberculin.'® .-X similar 
phenomenon has been observed in rheu- 
matic subjects injected with streptococcal 
nucleoprotein."" 

f.I IMfM SltDU„S cnxcr.KMXG TUF. .\t.lXRGIC 
M[C!!\MS\I IN RHr.fM\TIC FFVFR 

Tile evidence that an allergic type of 
mechanism may produce the rheumatic 
process is stroiutly .suttgestive but, as yet, 
only suctgestive. It is based chiefly on the 
clinical aspects suggesting: allergy (latent 
pcriiKi. etc.) previously cited and the 
morpliologie analogy bctuccn rheumatic 
i'-sions and tho'C priKiuced by necrotizing 
allergic reactions in experimental animals. 


Clinical studies of rheumatic patients have 
usually served to substantiate the oecur- 
rence of a preceding streptococcal infection 
by documenting the appearance of circulat- 
ing antibodies or skin sensitivity in rheu- 
matic patients. However, these responses do 
not appear to differ qualitatively or quanti- 
tatively from those of normal individuals 
with streptococcal infections, particularly if 
the infection is persistent. To determine the 
antigens or antibodies involved in the pre- 
sumed allergic reaction would serve to 
establish a pathognomonic basis for the 
allergic hypothesis. There are relatively few 
reports on work of this type. These arc 
chiefly concerned with attempts to demon- 
strate antibodies in rheumatic patients not 
found in other individuals recovering from 
streptococcal infections. 

The Phase Reaction. In 1939 Coburn and 
Pauli reported that following a sore throat 
in a rheumatic subject a substance called a 
“precipitinogen” appears in the scrum and 
precipitates with a component of the scrum 
taken during the subsequent rheumatic 
attack.'"* Because the reaction appeared to 
occur w'hcn scrum taken during phases i and 
n (the sore throat and the latent periods) 
was mixed with scrum from phase m (the 
period of rheumatic activity), it has been 
called the “phase reaction.” 'Wedum and 
Wedum confirmed some of these observa- 
tions but found a greater degree of non- 
specificity for the reaction and a different 
time relationship for the appearance of the 
presumed antigen and antibody.""’’ This 
phenomenon was further studied with 
various control tests"" and was found to be 
non-specific and irregularly reproducible. 
Further, it appears that when precipitation 
docs occur it docs not present the charac- 
teristics of the usual precipitin test nor lend 
itself to passive transfer, dilution or com- 
plement fixation tests. It cannot, therefore, 
be considered an antigen-antibody reaction. 

Auloanltho'hes in Rheumatic Feier. Other 
clinical findings suggesting an allergic 
mechanism in rheumatic fever have been 
reported. The concept of an autoantibody 
in rheumatic fever svas suggested by Brok- 
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man. Brill and Frendzel.^® These investi- 
gators found that sera from rheumatic 
patients fixed complement when mixed 
with an extract of liver obtained at the 
autopsy of a rheumatic individual. Sera 
from other diseases did not fix complement 
with this “antigen.” Unfortunately, anti- 
complementary controls were not reported. 
It is well known that tissue extracts are 
frequently anticomplementary, as are, oc- 
casionally, rheumatic and other sera in 
certain concentrations. Complement fixa- 
tion is reported to occur with liver tissue 
and the sera from some normal individuals 
as well as those with a variety of illnesses.®^ 
In our experience'" no evidence of comple- 
ment fixation was found in dilutions of 
rheumatic serum and of tissue extracts that 
were not anticomplementary alone. If com- 
plement fixation occurred, it would be dif- 
ficult to distinguish the reaction from a 
non-specific false positive Wassermann type 
of reaction. The same criticism applies to 
many attempts to demonstrate autoanti- 
body reactions with tissue extracts. Gavelti-® 
employed the collodion particle technic to 
detect agglutination of antigen by anti- 
body. One of four normal (i.e., non- 
rheumatic) hearts used as antigen reacted 
strongly with sera from twenty-seven of 
thirty-six rheumatic patients studied. Sub- 
sequently Cavelti could not reproduce the 
phenomenon with other heart preparations 
(personal communication) . 

Using the technic of Cavelti it has been 
observed that collodion particles coated with 
various tissue extracts, particularly from 
lung, kidney and tonsil, were agglutinated 
by a few rheumatic sera but more regularly 
by syphilitic sera.^’ Therefore, the possi- 
bility continues that the reaction noted is 
similar to a biologically false positive floccu- 
lation test for syphilis. It is of interest that 
the Wassermann antigen is a constituent of 
normal tissue. The occurrence of bi- 
ologically false positive Wasserniann reac- 
tions in many diseases has been reviewed by 
Davis.®'* Another possible explanation of 
the positive reactions is that bacterial con- 
tamination of the tissues used may serve as 
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antigens for antibodies in the sera. Thus, 
collodion particles mixed with an extract 
of tonsillar tissue were regularly agglutinated 
by some sera as might be anticipated since 
the tonsils had been infected with hemolytic 
streptococci.'^^ 

Serum Complement in Rheumatic Fever. The 
fixation of complement by many antigen- 
antibody aggregates in the test tube (phe- 
nomenon of Bordet and Gengou®^) suggested 
a third experimental approach to the docu- 
mentation of an allergic process in rheumatic 
fever. Serum complement, normally main- 
tained with little variation, has been ob- 
served to fall in anaphylactic shock®"* when 
sheep cells and amboceptor are injected into 
guinea pigs*^® and in serum sickness. 

In the study of rheumatic fever there 
has been disagreement and confusion as to 
the activity of serum complement. Veil and 
Buccholtz,^®® Coburn,®^ Rachmilewitz and 
Silberstein^®® and others have reported a low 
complement content of the serum in some 
cases of rheumatic fever, which rises to 
normal with subsidence of activity. This has 
been cited as evidence of the occurrence of 
an antigen-antibody reaction in rheumatic 
fever. There are several causes for a low 
serum complement other than fixation by 
antigen-antibody aggregates. Decreased pro- 
duction of complement is said to occur in 
liver disease and perhaps in many terminal 
illnesses. Also, complement levels may be 
diminished by the presence of inhibitory or 
anticomplementary substances in the serum. 
Anticomplementary sera are occasionally 
found in routine W assermann tests. The na- 
ture of the substances responsible for the in- 
hibition or inactivation of complement is not 
clear. One such substance may be gamma 
globulin, a relative preponderance of which 
causes serum to become anticomplemen- 
tary.®® 

Predominantly normal or slightly low 
levels of complement in rheumatic fever 
were reported by Kellett and Thompson*®® 
and more recently by de Gara and Gold- 
berg.®® On the other hand, high values 
during the early period of rheumatic ac- 
tivity were noted by Hadjapoulos and 
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Burtjank in 1928.’®' In this respect rheu- 
matic fever did not differ from other febrile 
illnesses which they studied. The variety of 
results obtained by different investigators 
may be attributed in part to the variety of 
technics employed and the lack until 
recently of a reproducible quantitative 
method for the determination of comple- 
ment. A satisfactory and reproducible 
method was described by Mayer, Osier, 
Bier and Hcidclbcrgcr in 1946.’’® The 50 
])cr cent hemolytic unit of complement is 
determined spcctrophotometrically in the 
presence of optimal quantities of magnesium 
and calcium. Employing this technic fifty 
eases of active rheumatic fever were studied 
serially.’’ Only two showed an initial 
depression of scrum complement, which 
gradually became normal. In the remaining 
eases elevated complement levels were found 
similar to the elevated complement content 
of sera from various illnesses including 
pneumonias and penicillin .sensitivity. Since 
there is an elevation of complement in 
certain allergies studied, the high comple- 
ment content of most of the rheumatic sera 
docs not preclude the possibility that 
rheumatic fever may also be an allergic 
reaction. However, tlic presence of an ele- 
vated complement level in these sera 
contradicts the suggestion that the low 
levels previously reported arc experimental 
evidence of an allergic process. 

AITCMPTS TO .ALTER TtlC RE-ACTION 

'‘Specific" Measures. Specific desensitiza- 
tion or immunization of the host to an 
offending antigen would make more ac- 
ceptable the hypothesis that rheumatic fever 
is the result of an allergic proce.ss. However, 
it is diificult if not impossible to dc.scnsitizc 
or immunize to bacterial allergic reac- 
tions'*'-' and. in instances in which 
this has been achieved. j)criods of non- 
re.'ictivity to injected .antigens arc only 
tcnqwrary. Furthermore, non-reactivity of 
tlie skin may depend on non-specific factors 
such a-- vascularity while titc basic .sensi- 
tivity of other tissues remains unaltered, 
riuis. in the presence of a negative skin 


reaction to tuberculin, explants of splenic 
tissue culture showed sensitivity to tubercu- 
lin."® Attempts at specific desensitization or 
immunization of rheumatic subjects with 
streptococcal antigens have been reported 
to be of some benefit®'® but were abandoned 
after trial by others. Active im- 
munization, in order to be possible, would 
obviously depend upon the characteristics 
of the particular antigen employed. 

Unlike the attempts at desensitization 
or immunization, avoidance of the sus- 
pected antigen appears to have been more 
beneficial. Chemoprophylaxis against the 
streptococcus, as discussed previously, has 
become a valuable instrument in the 
management of rheumatic fever."' 

Non-specific Measures. Many agents have 
been used in the treatment of rheumatic 
fever but few have remained as constantly 
in use as have the salicylates and others of 
the so-called antirheumatic group of drugs. 
Salicylates have been employed for many 
years, usually in dosage approaching the 
limit of tolerance. Despite the popularity of 
the salicylates and their dramatic effect on 
fever and arthralgia, their basic efficacy has 
been questioned.®’’ ''® In the opinion of 
many, salicylates do decrease the severity 
of the disease if administered early and 
perhaps shorten the course of the illnc.ss as 
well. Tlie mechanism of the action of 
salicylate has remained obscure despite its 
widespread use over so long a period of 
time. Investigators have sought for an 
action more specific to the rheumatic 
procc.ss than the antipyretic and analgesic 
properties of salicylates. In relation to 
immunity, .salicylates have been said to 
impair antibody production."®®’® How- 
ever. the differences reported were not 
striking for the technics employed. The 
formation of antibodies to typhoid vaccine 
in rheumatic .subjects on salicylate therapy 
was apparently inhibited'®’ as compared 
with the formation of antibodies in normal 
subjects not on salicylates, a rather unsatis- 
factory control group. .Salicylates caused 
diminished inflammation at the site of 
injection of the typhoid vaccine and this 
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may also account for differences observed, 
since in certain instances inflammation 
appears to augment antibody production.*^ 
Fischel and LeMay (unpublished) im- 
munized four rabbits with crystalline egg 
albumin intravenously and administered 
large doses of salicylate three times daily 
for four to eight weeks. The amount of 
specific antibody, as determined by the 
quantitative precipitin technic, was com- 
parable to the amount of antibody in the 
sera of six animals similarly immunized but 
not treated with salicylate. 

Another hypothesis for the mechanism of 
action of salicylates that has been suggested 
is that it interferes with the union of antigen 
and antibody.** In the test tube, less pre- 
cipitin was found between egg albumin and 
anti-egg albumin in the presence of sali- 
cylate. The extent of this inhibition is slight 
in relation to the degree of error inherent 
in the quantitative precipitin technic, and 
salicylates were employed in approximately 
ten times maximal concentrations achieved 
in vivo. In animals and in humans there 
appeared to be no inhibition of allergic 
reactions of the Arthus and bacterial types 
by salicylates.'* 

Clinical and experimental data have 
shown no effect of various antihistamine 
compounds on rheumatic fever or on ex- 
perimental necrotizing allergies.'*'""* How- 
ever, an unusually potent antihistamine, 
phenergan, possessing other anti-inflamma- 
tory properties was found to inhibit the 
Arthus reaetion.^°“ 

Recently Hench and his co-workers 
demonstrated that cortisone or adreno- 
corticotrophic hormone (ACTH) produces 
a dramatic defervescence of activity in 
rheumatoid arthritis and rheumatic fever. 

The mechanism of action of these hormones 
is still obscure but speculation concerning 
the effect of these hormones on immune 
mechanisms has been advanced. Two of 
several steps in the development of immunity 
have been studied. ACTH was found to 
have no influence as an anamnestic stimu- 
lus on the production of antibody''® and did 
not affect the tissue damage resulting from 
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the union of antigen and antibody hi vivo 
in the Arthus and anaphylaxis reactions 
studied by passive, quantitative methods,'^’ 
or in anaphylaxis induced after active 
immunization. However, the efficacy of 
these hormones in clinical hay fever and 
asthma, noted incidentally in the course of 
treatment of rheumatoid arthritis and other 
conditions, suggests that an effect on im- 
mune mechanisms is present, and that this 
effect may also be one of the modes of action 
of these hormones in rheumatic diseases.^*®" 
The experimental study of this hypothesis 
should prove intriguing. 

SUMMARY 

Rheumatic fever occurs in certain pre- 
disposed individuals but the incidence in 
some epidemics, and of subclinical cases, 
appears to exeeed estimates based on genetic 
studies. There is a definite relationship to a 
preceding infection with the group A 
hemolytic streptococcus in the great majority 
of cases of rheumatie fever adequately 
studied. However, for many reasons sum- 
marized the infection does not appear to 
play more than an initial role in the rheu- 
matic process; rather, a host reaction or 
allergy to the infection, as has frequently 
been suggested, is probably the basis for the 
development of the disease. 

Various kinds of necrotizing allergic 
reactions are reviewed with reference to the 
mechanisms initiating them. The Arthus 
type of reaction is related to a circulating 
antibody and has its clinical counterpart in 
serum sickness. It has been used extensively 
as a pattern for attempts at the experi- 
mental production of rheumatic-like lesions. 
The bacterial allergic reactions are distin- 
guished by having fixed tissue antibodies. 
They have also been used as patterns for ani- 
mal experimentation. Other experimental 
approaches involve the use of isoantibodies 
(cytotoxic antibodies) and autoantibodies. In 
the absence of other than morphologic 
criteria, the specificity of the experimentally 
induced lesions is not adequately established. 
They cannot, therefore, be unequivocally 
identified with the lesions of the rheumatic 
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stale although tlicy suggest by analog)' that 
lesions similar to those seen in rheumatic 
fever may be induced by various allergens. 

Clinical studies are reviewed which 
attempt to define an allergic process in 
rheumatic patients. Technics involving the 
detection of isoprccipitins and autoanti- 
bodies do not appear constant or specific in 
this respect and may reflect the occurrence 
of biologically false positive Wassermann 
reactions. In the study of serum complement 
in rheumatic fever various technics have 
given variable results. A predominantly 
high complement level in rheumatic fever 
was found in a recent study. This docs not 
e.xclude the occurrence of an allergic reac- 
tion of the fi.\cd tissue type because several 
cases of drug allerg)' also presented high 
complement levels. There is, as yet, no 
clinical test for the detection of an allergic 
reaction in rheumatic individuals that docs 
not occur in patients recovering from a 
streptococcal infection or certain other 
diseases. 

Finally certain measures employed in 
rheumatic fever arc reviewed with respect 
to their efl'cci on antigen-antibody reactions. 
Specific dc.scnsitization with the hemolytic 
streptococcus has been of doubtful value. 
.Salicylates are usually cfTectivc in producing 
a remission of rheumatic activity. However, 
they tipparently do not act on antibody 
producing mechanisms or by altering the 
^.i-verity of known allergic reactions. Tiic 
dramatic eircclivcness of cortisone or .'VCTH 
in the rheumatic diseases should prove ex- 
tremely valuable in the future study of the 
pathogenesis of these diseases. The role of 
these hormones in immune mechanisms, as 
well as other processes, has yet to be fully 
-tudied. 

I'or their encoiiragcineru and criticism the 
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Bacitracin* 

Frank L. Melcney, m.d. and Balbina A. Johnson, b.a. 


Kew lork, 

T he antibiotic, bacitracin, is pro- 
duced by die Tracey I strain of 
Bacillus subtilis which was dis- 
covered in June, 1943, in the Laborator)' of 
Bacteriological Research of the Department 
of Surgery. College of Physicians and Sur- 
geons, Columbia University.' The organism 
was recovered from the damaged tissue and 
street dirt debrided from the compound 
fracture of a seven year old child by the 
name of Tracey. The antibiotic was there- 
fore named “bacitracin.'" 

I'RoiTRTir.s or Tiin organism 
AND rit! ni.TRA'n: 

Dr. Kenneth Burdon of Baylor University 
has studied the cultural characteristics of 
this orttanism and has classified it as a B. 
lichenifonnis but as far as the authors know, 
no other strain of this species has been found 
able to produce this antibiotic. I'he active 
principle is secreted into any medium in 
which the orijanism will grow but the 
amount of the antibiotic depends upon the 
eonipo'ition of the medium, the condition 
of tilt; ^eed cultures and the circumstances 
f)f incubation. The or'j;anism forms a thick 
pellicle on the surface of the media but vers- 
little active principle can be obtained from 
tiii'- bacterial mass. 'I'iie active auent is 
re.idily obtained in the filtrate of the de- 
c.mted media after p.issagc through a 
( ’.hamb'-rland. Berkefeld. .S’elas or Seitz 
filter. 

Preliminary studies of the (iltratc showed 
tlia.t it had a pawerful antibiotic action with 
,a wide antibartcri.d sprctnim. (Taiilc I.) 
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When produced on a glutamic acid synthetic 
medium, bacitracin showed no toxicitv 
when injected into laboratory animals in 
fairly large quantities over a long period 
of time. It was then found to be non-toxic 
and non-irritating when injected in small 
quantities into human beings. It was found 
to be capable of controlling experimental 
hemolytic streptococcal peritonitis in mice 
when injected subcutaneously several hours 
after the intraperitoneal injection of the 
organisms, thus indicating that it was ab- 
sorbed and could reach an area of infection 
some distance away from the site of injec- 
tion. It was also able to prevent gas gan- 
grene following the intramu.scular injection 
of Clostridium wcichii in guinea pigs.' 
Furthermore, it was capable of promptly 
controlling infections such as furunclc.s. car- 
buncles and superficial abscesses when 
injected into the center of such lesions in 
human beings. 

The extraction and partial purification 
of bacitracin was carried out by Dr. Herbert 
.•\nker of the Department of Biorhernistry 
with the advice and counsel of Professor 
Hans Clarke. These studies were reported 
bv .'Xnker. johneon, Goldberg and .Meleney 
in 1948.- 

rau.MiCNt. pRoM-.RTir.s or i.aboratouv 

BACtTKACIN 

'Phe chemical properties of the laboratory 
product were found to be as follows; 

S(nhiUt). Partially purified u'-utral or 
sliehtly arid fpH 6.6) aqueous concentrates 
of baeitrarin prepared by the butanol 

t-pirtrn-nt cf (;<i!tw of .Tiif! 
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method showed no detectable change in 
titer after storage for eight months to one 
year at temperatures of 0° to 5°c. At room 
temperature there was a loss of 30 to 50 per 
cent of the activity after a two weeks’ storage 
period but neutral, inorganic salt-free solu- 
tions were dried at room temperature 
without loss of activity. Inactivation was 
complete after two weeks at 35° to 37°c. 
Bacitracin solutions were stable to normal 
hydrochloric acid at 0° to 5°c and to 0.01 
normal hydrochloric acid at both 0° to 5°c 
and 37°c. They were rapidly inactivated in 
alkaline solution above pH 9 at both tem- 
peratures. In the presence of hydrogen 
peroxide there was complete loss of anti- 
biotic activity. In 1947 Scudi et al. found 
that bacitracin was partially inactivated by 
BAL and sodium thiosulfate.^ 

Solubility. The laboratory product of 
bacitracin was found to be soluble in 
methanol, ethanol, isopropanol, n-butanol 
and cyclohexanol, slightly soluble in cyclo- 
hexanone, and insoluble in other organic 
solvents such as ether, chloroform, benzene, 
acetone and ethyl acetate. In aqueous 
solution the activity was diffusible through 
a nitrocellulose membrane which holds 
back particles of molecular weight 2,000. 

Precipitabilily. 1, Metal ions: Bacitracin 
was precipitated by salts of heavy metals. 
This precipitation was accompanied by 
inactivation if the heavy metal ions, low in 
the electromotive series, w6re used. On the 
other hand, the action of zinc ions, high in 
the electromotive series, did not result in 
inactivation but precipitation of the active 
material was incomplete. 

2. Organic acids: Several organic acids 
were found to precipitate the activity from 
concentrates, namely, trichloracetic, tan- 
nic, azobenzene-/?-sulfonic, benzoic, furoic 
and salicylic acids. With the first two, con- 
siderable activity disappeared during the 
isolation of the bacitracin. The results with 
benzoic acid were variable. Large quanti- 
ties of furoic acid were required to pre- 
cipitate the antibiotic and the percentage 
of recovery was low. Salicylic acid, how- 
ever, yielded precipitates with all batches 
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tested; the yields were high and no inactiva- 
tion was observed. 

3. Oilier precipiiants: Bacitracin was also 
precipitated from water solution by high 
concentrations of sodium chloride, acetone, 
ammonium rhodanilate, Reinecke’s salt 
and molybdic acid. 

Adsorption. Bacitracin was found to be 
adsorbed on charcoal, Lloyd’s reagent and 
aluminum oxide but the problem of elution 
had not then been solved. 

These preliminary studies clearly indi- 
cated the necessity for the further produc- 
tion, purification and clinical appraisal of 
bacitracin. In order to carry this out it was 
decided to call upon one of the commercial 
firms to produce it in large quantity. 

COMMERCIAL PRODUCTION OF BACITRACIN 

The first attempt to transfer production 
from laboratory to commercial methods was 
made by Lederle but difficulties were en- 
countered and most of the antibiotic was 
lost during the process of extraction. It-was 
then taken over by the Ben Venue Labora- 
tories of Bedford, Ohio. After six months of 
experimentation a method was found which 
produced the antibiotic in soybean medium, 
yielding ten times the assay obtained from 
the synthetic medium. Furthermore, a 
shortcut was found in the extraction process 
by adsorbing the antibiotic on charcoal and 
eluting it with dilute hydrochloric acid. 
The original method of growth on the 
surface of the medium was continued and 
in the course of a year a stable, lyophilized, 
slightly yellowish white powder was ob- 
tained of sufficient purity to warrant a 
pharmacologic study. 

During the various stages of development 
the commercial product* steadily increased 
in purity; even the early crude preparations 
were effective when applied to infected 
areas and surfaces. Experiences with the 
first hundred cases of surgical infections so 
treated served as the basis for a report by 

* The commercial bacitracin used in these studies was 
supplied by the Ben Venue Laboratories of Bedford, O., 
and the Commercial Solvents Corporation of Terre 
Haute, Ind. 
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the authors which was published in March, 
1947.^ 

These cases represented the general run of 
localized or localizing infections which are 
seen every day in any surgeon’s office or any 
hospital clinic. Eighty-eight per cent of 
these patients responded favorably to the 
drug treatment. Bacteriologic studies re- 
vealed that the majority of surgical infec- 
tions are due to a mixture of organisms. 
^^ffien the organisms associated with these 
infections were tested for sensitivity to 
bacitracin and penicillin, most of them were 
found to be susceptible to both. Thirty were 
susceptible to bacitracin and resistant to 
penicillin while only six were resistant to 
bacitracin and susceptible to penicillin. It 
was found that the daily aspiration of super- 
ficial or even deep abscesses followed by 
the instillation of bacitracin often caused 
rapid resolution of the process and often 
obviated surgical incision. Similarly, the 
application of a solution or ointment con- 
taining bacitracin in a concentration of 500 
units per cc. of solution or Gm. of ointment 
to an infected wound or superficial ulcer 
often caused rapid disappearance of the 
infecting organisms and healing of the 
wound. 

PHARMACOLOGIC STUDIES OF BACITRACIN 

The pharmacologic studies were under 
the direction of Dr. John Scudi of the 
Department of Pharmacology of the College 
of Physicians and Surgeons, Columbia 
University, with the advice and counsel of 
Professor Harry B. van Dyke. These studies 
served as the basis for three reports which 
appeared in 1947.®’®’® 

Acute toxicity e.xperiments were carried 
out in Rockland Swiss mice and in Sherman 
rats. Several different lots of bacitracin were 
tested and it was found that the toxicity of 
the different lots varied independendy of 
the activity and that the aforementioned lot 
was least toxic. It was also noted that 
inactivation of the material by incubation 
at 37°c. for eight days at a pH of 7 did not 
alter the toxicity of the preparation whereas 
its antibiotic activity was completely lost in 


that time. The only injury to any of the 
organs or tissues of the body was in the 
lower renal tubules with large doses of the 
antibiotic. Mice and to a lesser degree 
monkeys were affected whereas dogs and 
rats showed no injur)' to the kidneys. The 
subcutaneous LD-50 in mice was four to 
seven times the intraperitoneal LD-50 and 
lethal results were produced only with 
immense oral doses. 

The absorption and excretion of baci- 
tracin was studied in the dog. Significant 
concentration of the drug persisted in the 
blood stream as long as seven or eight hours 
after parenteral administration. Dogs showed 
no signs of toxicity even when doses as high 
as 6,000 units per Kg. of body weight were 
used, other than slight or transient vaso- 
depressor effects produced by rapid intra- 
venous injection. Recovery of the drug in 
the urine showed wide variations but in 
general it increased in direct ratio to the 
dose administered. However, significant 
concentrations of the drug could be found 
in the urine more than seven hours after 
the administration of a single dose of the 
antibiotic. Concentrations of 14 to 18 units 
per cc. could be found in dogs’ urine seven 
hours after a single intramuscular injection 
of 1,000 units per Kg. and as high as 92 units 
per cc. after a 3,000 unit per Kg. dose. 
These figures for the urinar)' e.xcretion of 
bacitracin following intramuscular adminis- 
tration are in sharp contrast to those after 
oral administration. Scudi could detect no 
bacitracin in the urine after a single oral 
dose of 3,000 to 6,000 units per Kg. The 
highest recovery reported by Bond et al." 
after oral administration in the dog was 
0.22 units per cc. after the 10,000 unit per 
Kg. dose, and 1.65 units per cc. after the 
20,000-unit per Kg. dose. 

Scudi also found that although bacitracin 
remained in the blood stream for many 
hours, it did not penetrate the red blood 
cells nor did it enter the spinal fluid freely. 
Follo^ving prolonged daily administration 
of crude bacitracin concentrates in dogs 
and monkeys there were no significant 
changes in blood morphology. 
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Concentrations of bacitracin of 6,000 
units per cc., when injected into the ab- 
dominal skin of experimental rabbits, caused 
no irritation and there was no reaction to 
1,200 units per cc. in the conjunctival sac 
of rabbits. There was some induration after 
repeated intramuscular injections into the 
dog while in the monkey there were at 
times small areas of necrosis of the muscle 
at the sites of the injections. 

In the dog the urine samples remained 
negative for sugar and albumin but both of 
these appeared in the urine of monkeys. 
Large doses approximating the LD-50 pro- 
duced some damage to the renal tubules in 
the mouse and occasionally in the monkey, 
but the lesions were insignificant in the rat 
and in the dog. Scudi considered the 
toxicity to be of the same order as that of 
streptomycin. 

EARLIEST SYSTEMIC ADMINISTRATION 
OF BACITRACIN 

With this preliminary demonstration of 
relatively low toxicity, it was deemed safe 
to start cautiously subcutaneous, intra- 
muscular and mouth administration of 
bacitracin in human volunteers. It was 
found that blood and urine levels could be 
obtained by subcutaneous and intramuscu- 
lar injections, but only urine levels and 
those of low degree ^vhen the drug was 
given by mouth. We then began cautiously 
to treat patients with intramuscular injec- 
tions in gradually increasing doses ranging 
from 3,000 to 20,000 units every six hours. 
With all of these doses it was found that 
detectable blood levels of bacitracin could 
be found six hours after administration. In 
the first case of infection treated systemically 
the administration of 3,000 units every six 
hours was stopped on the third day when 
albuminuria appeared, but it promptly 
disappeared. Later cases with increased 
dosage showed a transient albuminuria and 
a few granular casts but these findings 
disappeared during the course of treatment 
and there were no clinical signs of toxicity- 
Furthermore, the infections for which these 
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patients were treated, in most cases, came 
promptly under control. 

With the same material Dr. Harry 
Eagle found that bacitracin had a lethal 
action on spirochetes and that he could cure 
his experimental rabbits with syphilis by its 
systemic administration. He also found that 
bacitracin had a lethal action on spirochetes 
directly proportional to its concentration, 
that it was slowly eliminated through the 
kidneys at the rate of glomerular filtration 
and that it had a striking synergistic action 
with penicillin in the cure of experimental 
syphilis.® Therefore, he started a study of 
the treatment of human syphilis with 
bacitracin alone and with bacitracin in 
combination with penicillin. The report of 
this study will be published elsewhere.® 

During this period units were set up in 
several different cities for the clinical 
appraisal of bacitracin. These were or- 
ganized by Dr. Alfred Longacre in New 
Orleans, Major Edwin J, Pulaski at Fort 
Sam Houston, Dr. Edward H. Reisner, Jr., 
at Bellevue Hospital in New York, Dr. 
Harold Zintel in Philadelphia and Dr. 
William Altemeier in Cincinnati, beside the 
unit already in operation at Presbyterian 
Hospital in New York under the direction 
of the authors of this paper. 

The number of patients treated sys- 
temically during the spring, summer and 
fall of 1947 increased slowly because of the 
fact that production was delayed, not only 
in the Ben Venue Laboratories but also in 
the laboratories of the other manufacturers, 
all of whom encountered production diffi- 
culties. In December, 1 947, the Commercial 
Solvents Corporation began to produce 
bacitracin by the deep tank method. By 
an agreement with the Ben Venue Labora- 
tories the whole output and experience of 
Ben Venue in the production of bacitracin 
was turned over to the Commercial Solvents 
Corporation. Thereafter production by the 
surface growth method was given up and 
the deep tank method was employed. 
Bacitracin was produced by the Commercial 
Solvents Corporation only in small quanti- 
ties during the months of December, Janu- 
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ary and February and extensive clinical 
observations were not made with it until 
the spring of 1948, inasmuch as it was 
decided to use up the available Ben Venue 
material first. The units in Philadelphia 
and San Antonio, which were started later 
than the others, had little or no experience 
with the Ben Venue material and their 
first patients were treated almost entirely 
with the Commercial Solvents product. 

From August, 1946, to March, 1948, the 
systemic administration of bacitracin made 
by the Ben Venue Laboratories by the 
surface growth method was continued witli 
increasing confidence in its efficacy and 
safety. The albuminuria and cylindruria 
had proved to be of a low order and in the 
majority of cases these signs of kidney irrita- 
tion disappeared during the course of treat- 
ment or promptly after the cessation of 
treatment. Occasionally intramuscular in- 
jection was followed by nausea and in some 
cases by vomiting but this did not interfere 
with treatment except in one case, a para- 
plegic with a chronic decubital ulcer. 

However, during this period an effort 
was made to remove all evidences of toxicity 
and we were encouraged by the fact that 
with the ultracentrifuge toxic products 
could be carried down to the heavy portion 
of the solution, while bacitracin was evenly 
distributed. 

TENTATIVE F.D.A. SPECIFICATIONS 
FOR BACITRACIN 

In January, 1948, at the request of the 
Surgeon General’s Office, Dr. Henry Welch 
of the Food and Drug Administration, 
called a meeting in Washington of the 
commercial firms interested in the manu- 
facture of bacitracin for the purpose of set- 
ting up specifications dealing with potency, 
solubility, stability, toxicity and pressor, 
depressor and pyrogenic effects. The most 
important specifications dealt with potency 
and toxicity and we recommended that a 
toxicity specification be set up at an LD-50 
of 500 and an LD-0 of 250 units for a 20-G. 
mouse by intraperitoneal or intravenous 
injection, but the manufacturers claimed 


that this level would be difficult to attain 
and our clinical experience with the Ben 
Venue product seemed to indicate that 
lower figures would give a sufficient margin 
of safety. Therefore, toxicity levels were set 
at 200 units for the LD'50 and 100 units for 
the LD-0, witli the understanding that 
further attempts would be made to raise 
these standards as the manufacturers im- 
proved their product. 

FIRST CONFERENCE ON RESULTS 
OF BACITRACIN TREATMENT 

In March, 1948, a meeting was called in 
New York at the Golumbia-Presbyterian 
Medical Center to which the leaders of the 
study units and the manufacturers were 
invited for a full presentation of their 
experiences with bacitracin both in the 
laboratory and in the clinic. At that meeting 
Dr. Lyman Craig of the Rockefeller Insti- 
tute gave a preliminary report on the 
purification of bacitracin by his counter- 
current apparatus. He stated that the 
commercial product contained three or- 
ganic substances and one inorganic. One 
of the organic substances predominated and 
this was made up of a number of amino 
acids. Chromatographic studies identified 
many of these. 

By the time of the March meeting the 
number of surgical infections treated locally 
had reached 200 and favorable results had 
been obtained in 87 per cent of these cases. 
Furthermore, it was found that a fairly large 
number of tire organisms associated with 
these infections were resistant to penicillin 
and susceptible to bacitracin. At the same 
time a large series of cases of dermatologic 
infections were reported by Dr. J. Lowry 
Miller.^® The dermatologists were particu- 
larly impressed with the high rate of cure 
and the low incidence of allergic reactions 
to bacitracin as contrasted with penicillin 
and the sulfonamides. 

Experiments were carried out with vari- 
ous bases in order to find one that would be 
more stable than the carbowax propylene 
glycol base previously used. Such bases were 
made primarily either with lanette wax or 
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with cetyl alcohol. These bases readily 
released the antibiotic and this did not 
deteriorate as rapidly at room temperature 
as it did in the carbowax base. In gi'ease 
bases the bacitracin was still more stable 
but it was not as readily released from 
them. 

A study of the development of resistance 
to bacitracin of susceptible bacteria was 
made during this period and it was found 
that a few strains slowly developed resist- 
ance but this was of a low order and of slow 
development. In dermatologic and local 
surgical infections this appeared to be in- 
consequential because it was easily over- 
come by the concentration of the antibiotic 
used with local application. 

At the March meeting Dr. Alson Braley 
of the Department of Ophthalmology stated 
his belief that bacitracin was the treatment 
of choice in ophthalmic infections because 
of its effectiveness and the low incidence of 
allergic manifestations. Dr. Edward Reisner 
reported success in the systemic treatment 
of pneumonia at Bellevue Hospital. Dr. 
Harry Eagle of Baltimore discussed the 
preliminary steps in his study of bacitracin 
in the treatment of syphilis. 

For the treatment of systemic infections 
the units had gathered data which were 
listed on carefully prepared summary sheets 
designed to permit the transfer of all im- 
portant information regarding every case 
to punch cards for statistical analysis. Up 
to that time the unit at the Presbyterian 
Hospital had treated thirty patients with 
various types of infections and reports from 
the various units totaled approximately 
100 cases of all types, both medical and 
surgical. All of the units which had been 
functioning for several months reported 
gratifying results in the treatment of in- 
fections and increasing confidence in the 
safety of the drug. The evidences of kidney 
irritation were minimal and transient and 
they did not interfere with the course of 
treatment. However, for the first time a 
disquieting note was struck by Major 
Pulaski, who noted that a few patients 
treated with the Commercial Solvents 
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material made by the deep tank growth 
of the organism had shown more evidence 
of kidney damage than the other units had 
observed, as indicated by larger amounts 
of albumin in the urine and an increased 
number of granular casts, renal epithelial 
cells and red blood cells and higher levels 
of retained urea nitrogen and non-protein 
nitrogen in the blood. 

BACITRACIN IN AMEBIASIS 

During the month of March, 1948, it was 
reported by Dr. E. C. Faust^^ of Tulane 
University in New Orleans that he had 
found Endameba histolytica susceptible to 
bacitracin, and because of the striking 
sensitivity of associated intestinal bacteria 
of the clostridial and coccal groups, plans 
were formulated for an intensive study of 
amebiasis. 

This study was carried out by Dr. Harry 
Most of the Department of Preventive 
Medicine of New York University. The 
patients were for the most part returned 
veterans from World War ii who had 
acquired their infestation in widely sepa- 
rated war areas. Treatment was carried out 
in New York where re-infestation from 
outside sources was unlikely. Sixty patients 
were treated all of whom were having active 
symptoms and signs of amebiasis. The first 
fifty patients received bacitracin by mouth 
in amounts ranging from 40,000 to 160,000 
units a day in divided doses for a period of 
twenty days. A careful follow-up of these 
cases was carried out over a period of six to 
twelve months. There were no clinical fail- 
ures but there was a relapse rate of about 
30 per cent, as represented by a return of 
the Endameba histolytica in the stools 
without any clinical symptoms. These 
organisms are being studied further to see 
if they have lost their pathogenicity. Some 
of the patients with relapses responded to a 
second series of treatments with a higher 
dosage. The last ten patients were treated 
with 160,000 units a day for twenty days. 
They have not yet been followed long 
enough to determine the percentage of 
cures. In all of these patients there were 
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only two who showed any disturbances 
from the treatment itself. One of these had 
a diarrhea for two days and the other a 
diarrhea for seven days with distention but 
this did not require cessation of treatment. 
The drug was only slightly absorbed from 
the gastrointestinal tract. It was recovered 
in small quantities in the urine but no blood 
levels were demonstrable. High concentra- 
tions were still present in the stool. 

Dr. Alfred Longacre and Dr. D’Antoni 
obtained similar results in New Orleans.’^ 
Their problem of follow-up studies was 
more difficult because of the possibility of 
re-infestation from outside sources. Doses 
as large as 250,000 units a day w'ere given 
without evidence of toxicity. 

BACITRACIN IN NEUROLOGIC INFECTIONS 

In the spring of 1948, Dr. Paul Teng, 
working on the problem of staphylococcic 
meningitis, demonstrated that bacitracin 
given intramuscularly in normal dogs can 
be found in only small quantities in the 
spinal fluid, indicating difficulty in passing 
the blood-brain barrier. However, if the 
meninges are inflamed by the injection of 
staphylococci into the cisterna magna of 
dogs, bacitracin enters the spinal fluid in 
considerably higher concentration. He also 
demonstrated that if meningitis is produced 
by the cisternal injection of staphylococci, 
the animals die within four or five hours of 
an extensive meningitis; but if bacitracin is 
instilled into the cisterna magna in such 
cases, they may be saved even when treat- 
ment is initiated two or three hours after 
inoculation with the bacteria. Furthermore, 
bacitracin may be injected intrathecally in a 
concentration of 10,000 units per cc. without 
showing any signs of irritation of the 
meninges frorh the drug.^"* 

Dr. William Cone in Montreal has 
recently demonstrated that powdered baci- 
tracin, containing 50 units per mg., may be 
applied to the surface of the brain without 
causing the convulsions which are charac- 
teristic of the application of penicillin, 
streptomycin and the sulfonamides. More- 
over, it can be injected into the brain tissue 


or into the ventricles in a concentration of 

1.000 units per cc. without causing any 
evidence of irritation. 

BACITRACIN IN THE TREATMENT 
OF PNEUMONIA 

Reisner continued his study of the intra- 
muscular injection of bacitracin in cases of 
pneumonia until he had a series of twenty- 
five.'^ In a preliminary group of eleven 
cases he found that doses as small as 15,000 
units every six hours ^vould cause rapid 
resolution of the process if the organism had 
not invaded the blood stream, but that 
higher doses were necessary in the presence 
of septicemia. In his second series of four- 
teen cases the initial treatment was usually 

30.000 units every six hours, but in several 
instances of severe and extensive infection 
he doubled this dose and in one patient 
gave as much as 99,000 units every six 
hours. He recommended the use of baci- 
tracin in cases of pneumonia caused by a 
sensitive organism which did not respond 
to penicillin. In his second series there was 
only one death and that patient had already 
developed endocarditis when treatment 
with bacitracin began. The patient failed 
to respond not only to bacitracin but to 
penicillin as well. One other patient with a 
relatively resistant organism failed to re- 
spond to bacitracin but was quickly restored 
by large doses of penicillin. In this series of 
cases evidences of nephrotoxicity were 
minimal and none of the patients showed 
any permanent or serious damage to the 
kidneys. 

NEPHROTOXICITY OF SYSTEMIC BACITRACIN 

Up until May, 1948, further observa- 
tions were made with the systemic ad- 
ministration of bacitracin and these pro- 
vided data in 105 cases of surgical infections 
which were reported to the American 
Surgical Association at the meeting in 
Quebec. In this report the recent ap- 
pearance of disturbing nephrotoxicity was 
discussed.'® 

During this period Dr. Alexander Michie 
at the University of Pennsylvania studied 
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domerular and tubular filtration in several 
patients after the administration of baci- 
tracin in daily doses of 200,000 units for 
varying numbers of days. He found that 
both of these excretory functions as well as 
renal blood flow were temporarily but 
materially diminished. The renal plasma 
flow in six patients treated for four to 
nineteen days was reduced 46 per cent. In 
these same cases the glomerular filtration 
was diminished 40 per cent. In five of these 
patients treated for five to nineteen days the 
tubular filtration was diminished 61 per 
cent. These sets of figures, however, did not 
run parallel with each other nor with the 
total dosage of the drug. Moreover, later 
tests showed a return toward normal in 
every case.*' These experiments were car- 
ried out with two Commercial Solvents’ 
lots of bacitracin and a later review of the 
clinical results with these lots in all of the 
centers of observation indicated that they 
were among the most toxic. 

Toward the end of this period more cases 
showing nephrotoxicity appeared in all of 
the units which were now beginning to use 
the Commercial Solvents material made in 
the deep tanks since most of the surface 
growth product had been used up. It was 
then evident that the specifications for 
toxicity which the Food and Drug Ad- 
ministration had set up were too low and 
that the problem would require a thorough 
study. 

The summary sheets covering the clinical 
data from all of the patients previously 
treated were carefully scrutinized from the 
point of view of the lot numbers and the 
dosage used. These items were correlated 
With the laboratory and clinical evidence 
of kidney irritation. At the same time six 
representative lots from both the surface 
growth and from the deep tank product, 
a of which had been used clinically, were 
mjected subcutaneously into mice in doses 
ranging from 250 to 1,000 units. Four 
nndred eighty-four mice were used in this 
study. With each lot the death rate was 
ooted and after a period of several days the 
surviving mice were sacrificed and notes 

I’rcEMBER, 1949 


8oi 

were made with regard to the evidence of 
gross renal disorders. 

When all of the laboratory and clinical 
data were analyzed, it was obvious that the 
early deep tank product was definitely more 
toxic than the surface growth product. 
Furthermore, it was evident that different 
lots of the deep tank product differed from 
one another in their toxicity. These lots 
had all been tested for safety by the labora- 
tories of the Food and Drug Administration 
and it was found that the LD-50 for 20-gram 
mice ranged all the way from 224 to 500 
units. It was then found that these F.D.A. 
tests corresponded very closely with the 
clinical and laboratory data mentioned 
above. The lot which met the LD-50 test of 
500 units was by far the least toxic in its 
clinical record in cases of surgical infections 
and pneumonia. 

When faced with the clinical and labora- 
tory data, the deep tank manufacturers 
suggested that, inasmuch as their product 
had a higher assay and was therefore purer 
than the surface growth product, some in- 
hibiting substance which had reduced the 
toxicity of the surface growth material might 
have been removed by their process. It 
had been demonstrated and repeatedly con- 
firmed that the presence of certain salts 
materially cuts down the toxicity. It was 
pointed out that certain of the rf-amino acids 
were known to have nephrotoxic action. 
These might be the responsible elements 
causing toxicity and their action might be 
nullified by the presence of the /-isomers. 
It was therefore decided to make a thorough 
study of the amino acid and salt content 
of a number of different lots produced by 
the two methods. 

Inasmuch as the surface growth material 
was almost exhausted, we were dependent 
entirely upon the Commercial Solvents 
deep tank bacitracin. Fortunately, other 
lots made fairly recently met the 500-unit 
specification and these were selected for 
further clinical trial. It was agreed that 
initial doses should approximate 200 units 
per Kg. of body weight and that these doses 
should be increased only if the initial dose 
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failed to control the infection under treat- 
ment. This plan was followed during the 
course of the next eleven months and the 
favorable results obtained with a minimum 
of disturbing toxic manifestations amply 


Table i 

antibacterial spectrum of bacitracin 


Organisms 

*Sensitive 

to 

Bacitracin 
(in units) 

*Resist- 
ant to 
Baci- 
tracin 
(in units) 

Aerobic Bacteria: 



B hemolytic streptococci 



Groups A, B, C, F, G 

0 025-0.005) 


Group D 

3-0 008, 


Non-hemolytic streptococci 

3-0 0251 


Pneumococci . ... 

0 1-0 002 


Staphylococci (coagulase +) 1 

5-0 05 


Other micrococci . ' 

5-0 008' 


C. xerose .... 

0 005-0 003 


C. diphtheriae. . 

0 015-0 004 


N. meningitidis 

0 01 


N. gonorrhoeae 

0 006 


tB. anthracis. 

4-12.5 


B. subtilis group 


50 

E. coli .... 


50 

A. aerogenes 


50 

A. cloacae 


50 

Proteus 


50 

Ps. aeruginosa 


50 

B. alkahgenes 

. 

50 

S. typhosa. 


50 

Sh. alcalescens 


50 

Flavobacterium (Neiv Orleans 

1 


strain) .... 

0 0025 


JH. influenzae Type B 

63 


Anaerobic Bacteria- 


1 

Cl. welchii 

0 025-0 002 


Cl. septicum . . . 

0 01-0 002 


Cl. sordelhi. . 

0 01-0 005 


Cl. novyi . . . 

0 01 


Cl. tetani . . 

0 01-0 006 


Cl. histolyticum 

0 025-0 004 


Hemolytic streptococci 

0 01-0 001 


Non-hemolytic streptococci 

0 1-0 005 


Micrococci . 

0 5-0 005 


Diphtheroids 

0 003 


Actinomyces israeli . 

0 075-0 005 


|T. pallidum (Reiter strain) 

0 004 


Fungi: 



Monilia albicans 


50 

Cryptococcus hominus 


50 

Nocardia asteroides 


50 


* Beef heart infusion broth tube assay, 
f Occasional strains sensitive 3-0.5 units, 
t Evans, F. J. Bact., 56: 507, 1948. 

§ Eagle, H., Musselman, A. D. and Fleischman, R. 
J. Bact., 55: 347, 1948. 


justified this program and has restored 
confidence in the safety and efficacy of the 
antibiotic. 

In order to be certain that the low inci- 
dence of nephrotoxic responses in the 
patients receiving the bacitracin with the 
LD-50 of 500 was not simply a question of 
low dosage, six patients during this period 
were given the same doses from two lots 
which fell short of this specification. Four 
of the six gave disturbing signs of toxicity 
which disappeared as soon as they were 
taken off this material and given the same 
dosage with a less toxic lot. One of these 
patients had been given some of the surface 
growth bacitracin a year previously for a 
period of one month in 'a dosage 50 per cent 
higher without any evidence of toxicity. 

THREE PHASES OF CLINICAL EXPERIENCE 
WITH BACITRACIN 

Thus the clinical experience of the various 
units which were set up for the clinical 
appraisal of bacitracin over a period of 
twenty-two months has had three phases; 
(1) a period of calm and complacency dur- 
ing which satisfactory results were obtained 
in about eighty-five cases without toxic 
manifestations, using the surface growth 
bacitracin; (2) a period of storm, stress and 
uncertainty while we treated another eighty- 
five patients with the early deep tank baci- 
tracin and encountered disturbing evi- 
dences of kidney irritation or damage from 
particularly toxic lots and (3) a period of 
increasing confidence in the efficacy and 
safety of bacitracin which meets the specifi- 
cation for toxicity of LD-50 of 500 units for a 
20-gram mouse. This has covered about a 
hundred cases, making a total of 270 for the 
entire series.^® 

FURTHER PURIFICATION STUDIES 

In the meanwhile studies have been 
going on in an effort to purify further the 
commercial product. Craig, Gregory and 
Barry*® have subjected it to their counter- 
current distribution apparatus and have 
been able to take material with an initial 
potency of 46 units per mg. and separate 
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from it a single active substance with an 
assay of 66 units. Hydrolysis of this material 
in 6 normal hydrochloric acid followed by 
paper chromatography gave spots corre- 
sponding to .phenylalanine, leucine, iso- 
leucine, cysteine, valine, histidine, orni- 
thine, lysine and glutamic and aspartic 
acids. This strongly suggests that the active 
principle is a poly^Deptide of considerable 
size. All of the constituent- amino acids 
indicated by paper chromatography have 
been isolated in crystalline form with the 
correct carbon and hydrogen analyses ex- 
cept lysine and ornithine. The amino acids 
isolated were as follows: /-histidine, par- 
tially racemic and /-leucine, /-cysteine 
and /-glutamic acid, £/,/-phenylalanine, d,l~ 
aspartic acid and partially racemic and 
(/-isoleucine. One of the purified specimens 
showed definite organization when ex- 
amined microscopically. 

Further studies in the Biochemistry Lab- 
oratory of the College of Physicians and 
Surgeons by Miss Catherine Phillips under 
the counsel of Dr. Hans Clarke have been 
directed toward further purification of the 
commercial product to minimize still fur- 
ther or to remove, if possible, all toxicity 
from the active principle. Attempts to 
purify commercial bacitracin by treatment 
with sodium chloride indicated that over 
96 per cent of the active material could be 
precipitated. The product showed no im- 
provement in toxicity. 

Drs. Goorley and Brown’s work^° on the 
precipitation of bacitracin with iodine as a 
means of checking antibiotic activity chemi- 
cally was repeated. A relatively large batch 
of bacitracin (Lot No. 481101) was sub- 
jected to iodine precipitation. The pre- 
cipitate was decomposed wuth an excess of 
finely divided silver in a medium containing 
water, acetic acid and methanol. The clear, 
almost colorless filtrate from this reaction 
was evaporated to dryness under reduced 
pressure. The residue (about 75 per cent of 
original weight) showed unaltered activity 
but no improvement in toxicity. 

Fractional precipitation with picric acid 
was also carried out on a Commercial 
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Solvents preparation. The antibiotic-picrate 
was regenerated from the resulting pre- 
cipitates by treatment with hydrochloric 
acid and extraction of picric acid with ether. 
However, since potency was not increased 
nor toxicity removed, further attempts to 
purify bacitracin were continued by means 
of liquid-liquid extractions following the 
activity with nitrogen and sulfur determina- 
tions. The work on the separation of the 
amino acid components is being continued 
in the Columbia laboratories as well as 
further attempts to separate antibiotic and 
toxic factors from bacitracin produced in 
industrial laboratories. 

STUDIES IN EXPERIMENTAL GAS GANGRENE 

Sandusky has continued his excellent 
experimental studies on gas gangrene in 
guinea pigs and found that bacitracin was 
capable of preventing the development of 
the lesion in all but one of a series of 171 
animals injected with CL welchii^ while 109 
of 130 controls died of the infection. He had 
some late deaths in his animals, thought to 
be due to some toxic effect of the drug, and 
he confirmed our conclusion that different 
lots differed significantly in tliis toxicity. 

analysis of the whole CLINICAL SERIES 

The clinical results were grouped in four 
categories. The result was considered to be 
“excellent” if the response was sudden or 
dramatic and the infection brought under 
control within seventy- two hours; “good” 
if there was a definite response but some- 
what slower in its evolution; “questionable” 
if the observer believed that the case might 
have done just as well without the drug as 
with it; and “no effect” when it was obvious 
that the infection had run its course regard- 
less of the treatment. The over-all results 
are shown in Table ii. 

Of the 270 patients in the series so far 
treated, about three-fifths had failed to 
respond to other treatment or a combina- 
tion of treatments and yet 55.6 per cent of 
these gave a favorable response to bacitra- 
cin. If it had mot been available, many of 
these patients would, have gone on with 
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their infections with prolonged illness, 
permanent or temporary disability or death. 
These have therefore been called “salvaged 
cases.” One hundred twenty-six of these 
cases had failed to respond to penicillin 
alone or to penicillin in combination with 


Table u 

OVER-ALL RESULTS OF SYSTEMIC BACITRACIN TREATMENT 
IN 270 CASES ACCORDING TO DIAGNOSIS 



1 

1 

Results of Treatment 

Diagnosis 

Total 
' Cases 

Ex- 

ccllcnt| 

j 

Good 

Ques- 
tion- 
able ' 

No 

Effect 

Cellulitis 

31 

16 

10 

2 

3 

Pneumonia 

1 27 

16 

2 

0 

9 

Infected accidental uound 

20 

6 

12 

I 

1 

Deep abscess 

19 

1 5 

10 

2 

2 

Infected operation >\ound 

14 

2 

5 

1 2 

5 

Chronic osteomyelitis 

12 

0 

4 

4 

4 

Carbunclc(s) 

8 

j 1 

6 

i 0 

1 

Endocarditis 

8 

, 0 

0 

1 

7 

Prophylactic 

1 7 

1 

6 

0 

0 

Ulccr(s) ofleg(s) 

7 

0 

4 

2 

1 

Undermining burrovN ing ulcer 

6 

2 

2 

0 

2 

Staphylococcic meningitis 

5 

5 

0 

0 

0 

Synergistic gangrene 

5 

4 

1 

0 

0 

Acute osteomyelitis 

4 

0 

3 

0 

1 

Superficial abscess 

4 

0 

2 

1 

1 

Multiple furuncles 

4 

0 

1 

1 

2 

UlceratiNe colitis ^ 

4 

0 

0 

2 

2 

Human bite infection I 

3 ' 

2 

0 1 

0 

1 

Furuncle 

3 

0 

3 

0 

0 

Actinomycosis ' 

3 

0 

1 

2 

0 

Miscellaneous (2 each) 

32 

5 

13 , 

3 

11 

Miscellaneous (t each) j 

44 

5 

22 

9 

8 

Totals 

270 

Favor; 

70 

able rcsi 

107 ' 
Lilts in 6 

5 6% 0 

61 

f cases 


other drugs. The three largest groups were 
“penicillin only” in which there were thirty- 
seven cases, “penicillin with some sulfona- 
mide” thirty-one, and “penicillin, strepto- 
mycin and some sulfonamide” twenty- 
eight. Of the ninety-six cases in these three 
main categories of penicillin treatment 
there were twenty-three which gave a 
brilliant response to bacitracin and in 
thirty-two it was called “good” — a total 
favorable result of 57 per cent. 

Of the 119 cases that had had no previ- 
ous antibiotic treatment, the favorable 
responses to bacitracin were 78.1 per cent. 
This difference can be largely explained on 
the basis of earlier treatment in the latter 
group. 

About half of the cases were treated with 
systemic bacitracin alone and the others 


with both systemic and local bacitracin. The 
favorable results in the latter series (75.6 per 
cent) were considerably better than in the 
former (56.4 per cent), but these series are 
not strictly comparable because in the 
former group the infections were more 
serious, the inflammation was more diffuse 
and was often not sufficiently localized to 
permit local treatment. Moreover, many of 
these cases did not have the benefit of 
surgical drainage. 

Bacteriologic studies in these cases re- 
vealed that the majority were infected with 
a mixture of organisms. This was especially 
true in the chronic cases which had lasted 
for a month or more before treatment with 
bacitracin began, and yet the response to 
bacitracin was almost if not just as good in 
these mixed infections as in the pure infec- 
tions. This was probably due to the fact that 
bacitracin has a very wide antibacterial 
spectrum and is not inhibited as is penicillin 
by the penicillinase producers which are so 
frequently present in mixed infections. 

Most of the organisms found associated 
with these infections were tested for their 
susceptibility to both penicillin and baci- 
tracin. One hundred twenty-two species 
were susceptible to both, 104 were suscepti- 
ble to bacitracin but not to penicillin while 
only eleven were resistant to bacitracin and 
susceptible to penicillin, ^^fllere there was a 
difference, therefore, the ratio was about 
10 to 1 in favor of bacitracin. This ratio is 
twice as great as appeared in a similar study 
of patients treated locally with bacitracin 
two years ago.'* Furthermore, the ratio is 
favorable to bacitracin in every bacterial 
group. This would suggest that as time goes 
on more and more infections will be found 
to be due to organisms which are resist- 
ant to penicillin and are susceptible to 
bacitracin. 

If this comparison of bacterial suscepti- 
bility to bacitracin and penicillin is analyzed 
further so as to reveal the difference be- 
tween the group which had been previously 
treated with systemic penicillin and the 
group which had not, the ratio of bacitracin 
to penicillin is found to be 35 to 1 in the 
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former, while in the latter group the ratio 
is less than 4 lo 1 . This is clearly shown in 
Tables in and iv. 

These figures would seem to indicate 
clearly that many organisms had built 
up a resistance to penicillin in I'esponse to 

Table m 

SUSCEPTIBILITY AND RESISTANCE TO BACITRACIN AND 
PENICILLIN OF CERTAIN OF THE BACTERIA CULTURED 
FROM THE LESIONS OF CASES \%TTH PRENTOUS 
PENICILLIN TREATMENT 


Bacteriology 

Baci- 

tracin 

S. 

Peni- 

cillin 

S. 

Baci- 
tracin i 
S. 1 
Peni- 
cillin 
R. 

Baci- 

tracin 

R. 

Peni- 

cillin 

S. 

Baci- 

tracin 

R. 

Peni- 

cillin 

R. 

! 

Hemolytic strept 

n 

9 

0 

3 

Non-hcmolytic strept. . . . 

19 

9 

0 

1 

Coag. pos. staph 

mm 

27 

0 

2 

Coag. neg. staph 

mm 

3 

1 

1 

Coag. not tested staph . . . 

1 

13 

1 

0 

Other aerobic cocci 

1 3 

2 

0 

1 

Anaerobic cocci 

8 

3 

0 

3 

Gram-neg. bacilli 

0 

2 

0 

52 

Gram-pos. bacilli 

i 2 

3 

0 

5 

Clostridia 

1 3 

0 

0 

0 

Totals 

54 

71 

2 

68 


S. — Susceptible 
R. — Resistant 

Note Cases with previous treatment unknown are 
not included. 
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Whether or not bacitracin can be further 
purified and the toxicity be as completely 
removed as in the case of penicillin and 
streptomycin remains to be seen. Neverthe- 
less, the presently available product which 
meets the specification of LD-50 of 500 units 

Table iv 

SUSCEPTIBILITY AND RESISTANCE TO BACITRACIN AND 
PENICILLIN OF CERTAIN OF THE BACTERIA CULTURED 
FROM THE LESIONS OF CASES WITH NO PREVIOUS 
PENICILLIN TREATMENT 


Bacteriology 

Baci- 

tracin 

S. 

Peni- 

cillin 

S. 

Baci- 

tracin 

S. 

Peni- 

cillin 

R. 

Baci- 

tracin 

R. 

Peni- 

cillin 

S. 

Baci- 

tracin 

R. 

Peni- 

cillin 

R. 

Hemolytic strept 



1 

0 

Non-hemolytic strept . . . . i 



0 

1 

Coag. pos. staph 



2 

1 

Coag. neg. staph 



0 

0 

Coag. unknown staph. . . 



5 

0 

Other aerobic cocci 


' 1 

0 

1 

Anaerobic cocci 


0 

0 

1 

Gram-neg. bacilli 

0 

2 

0 

11 

Gram-pos. bacilli 

3 

2 

0 

4 

Clostridia 

3 

2 

0 

1 

Totals 

55 

30 

8 

20 


S. — Susceptible 
R. — ^Resistant 

Note — Cases with previous treatment unknown are 
not included. 


systemic treatment with it. With wider use 
of bacitracin, resistance to it probably will in 
turn be gradually built up. 

In many instances a synergism could be 
demonstrated between penicillin and baci- 
tracin in the inhibition of bacterial growth. 
Often one-tenth of the inhibiting dose of one 
added to one-tenth or one-fifth of the 
inhibiting dose of the other would com- 
pletely prevent the growth of the test 
organisms. In a number of cases there 
seemed to be clinical confirmation of this 
synergism in vivo. This interesting feature of 
antibiotic therapy warrants further study 
and is of great practical value both from the 
point of view of effecting a higher percent- 
age of cures in the treatment of infections 
and of making economical use of these 
materials. 

i^ecember, 1949 


for a 20-gram mouse is sufficiently safe to 
warrant its widespread use in cases in which 
the infecting organisms are susceptible to 
bacitracin and resistant to other anti- 
biotics or which have failed to respond to 
other methods of treatment. 

SUMMARY 

1 . Bacitracin is an antibiotic produced by 
a strain of B. subtilis recovered from the 
debrided tissue removed from a compound 
fracture. It has a wide antibacterial spec- 
trum and is not inhibited by the peni- 
cillinase producers. 

2. Bacitracin has been produced com- 
mercially and is available as a lyophilized 
powder which has been accepted by the 
Food and Drug Administration for local 
use in the treatment of infeepons. These 
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infections have responded favorably in the 
great majority of cases when the drug was 
applied locally in the form of a solution ^or 
in an ointment base, or when the solution 
was injected locally into the inflamed tissues 
or instilled after the aspiration of a purulent 
exudate from an abscess cavity. 

3. Many patients with surgical, dermato- 
logic and ophthalmologic infections have 
been reported successfully treated in this 
manner without any evidence of toxicity 
and with minimal allergenicity. 

4. Bacitracin has been found to be lethal 
for Endameba histolytica and has been 
effective by oral administration in the 
treatment of amebiasis. It is not toxic 
when given by mouth and is not readily 
absorbed. 

5. Bacitracin is retained in the alimen- 
tary tract and acts upon many of the 
intestinal bacterial species. 

6. Bacitracin has been administered by 
intramuscular injection in the systemic 
treatment of various types of infections in 
270 cases, with a favorable response in 
about two-thirds of the patients. More than 
half of this series had failed to respond 
previously to other methods of antibacterial 
therapy, and more than half of these 
responded favorably to bacitracin. 

7. Some of the patients treat intra- 
muscularly with bacitracin showed disturb- 
ing symptoms and signs of kidney irritation 
but these can be reduced to a minimum 
if the commercial product can consistently 
meet a specification of LD-50 of 500 units for 
a 20-gram mouse. 

8. There is evidence that there is a 
synergistic action between penicillin and 
bacitracin in the control of infections. 

9. Chemical studies are being pursued in 
an effort to purify this drug further, to 
identify the active principle and to separate 
it if possible from the toxic factor so that it 
may be administered in large quantities as 
safely as is penicillin. 
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The Polymyxins* 


A Review and Assessment 

Philip G. Stansly, Ph.D. 
Stamford, Connecticut 


P OL\'MYXiN is a generic term for a group 
of related antibiotics derived from 
Bacillus polymyxa, a spore-forming 
rod occurring in soil. The various poly- 
myxins are relatively simple, basic poly- 
peptides which form water-soluble salts with 
mineral acids. Biologically tliey are charac- 
terized by their high activity against gram- 
negative bacteria and tlieir therapeutic 
activity in systemic infections produced by 
susceptible micro-organisms. 

CHEMISTRY ' 

Four distinct polymyxins have been 
isolated from the metabolism liquor of dif- 
ferent strains of B. polymyxa and are 
designated polymyxins A, B, G and D.^ 
Polymyxin A was formerly ealled ‘'Aero- 
sporin” and polymyxin D ‘Tol^un^odn.’' 
The peptide nature of the polymyxins, 
which have molecular weights of at least 
I3OOO, is well-established and their amino 
acid composition has been determined. 
These are given in Table i. It can be seen 
that each of the polymyxins consist of only 
three or four a-amino acids, and that those 
common to all are Q!,7-diaminobutyric acid 
and threonine. The isolation of Q:,7-diamino- 
butyric acid from the polymyxins represents 
the first demonstration of this amino acid 
as a constituent of a natural product. 

The configuration of the amino acids in 
polymyxins A and D has been established 
as L (so-called “natural” configuration) for 
<^j7-diaminobutyric acid and threonine, 
and D (so-called “unnatural” configura- 
tion) for leucine and serine. 

In addition to the amino acids shown in 


Table i the polymyxins also contain an 
optically active branched-chain fatty acid 
of empirical formula C0H18O2 which is 
identical in polymyxins A, B and D. Ac- 
cording to Catch et ah'* the substance is 
6-methyloctanoic acid and is thought to 

Table 1 


AMINO ACID COMPOSITION OF THE POLYMYXINS 


Poly- 

myxin 

a, 7-Di- 
amino- 
butyric 
Acid 

Threo- 

nine 

Leucine 

Phenyl- 

alanine 

Serine 

A 

1 

+ 

+ 




B 

-h 

+ 

-F 

+ 


C 

+ 

+ 


+ 


D 

+ 

+ 

+ 


+ 


-p denotes presence of amino acid. 


exist as an N-acyl group in the polymyxin 
molecule. 

There is ample evidence from partition 
chromatography and solvent distribution 
studies^ for the elaboration by polymyxin D- 
producing strains of B. polymyxa of smaller 
quantities of biologically active components 
which appear to have the same qualitative 
and quantitative composition as polymyxin 
D but differ from it physically and possibly 
biologically. Jones® also describes a poly- 
myxin (polymyxin E) the qualitative com- 
position of which is identical with that of 
polymyxin A but the speed of which in 
partition chromatography approximates B. 

The polymyxins are stable under physi- 
ologic conditions of pH and temperature 
either in aqueous solution or as a powder. 
On the other hand, polymyxin D and pre- 


^From the Chemotherapy Division, Stamford Research Laboratories, American Cyanamid Company, Stamford, 
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sumably the other polymyxins are unstable 
under alkaline but not acid conditions, the 
rate of destruction depending upon the pH 
and temperature. ^ Polymyxins A and D are 
unaffected by proteolytic enzymes.®'^ 

The remarks which follow are concerned 
with polymyxins A, B and D. No experi- 
mental investigations have been reported for 
polymyxins C or E.* 

ANTIBACTERIAL ACTIVITY IN VITRO 

The outstanding antibiotic property of 
the polymyxins is their specificity for gram- 
negative bacteria and, as a corollary, their 
almost uniform lack of activity against 
gram-positive bacteria. To those concerned 
with problems of this nature the polymyxins 
may provide a useful tool in elucidating 
fundamental distinctions between these two 
groups of micro-organisms. Available in- 
formation indicates®’® that polymyxins A, 
B and D of comparable purity do not differ 
materially in their effect on bacteria in vitro 
either qualitatively or quantitatively. 

As might be expected, refractory organ- 
isms in the gram-negative group occur. 
Members of the genus Proteus are generally 
resistant although exceptions to this exist.® 
All other genera studied are sensitive. These 
include Aerobacter, Brucella, Eberthella, 
Escherichia, Hemophilus, Klebsiella, Pas- 
teurella, Pseudomonas, Salmonella, Shigella 
and Vibrio. Occasional resistant species or 
strains are encountered, however, and some 
variation in sensitivity from genus to genus, 
species to species and strain to strain have 
been observed. Some Neisseria have been 
found sensitive to A and D, others resistant. 
A peculiar finding^® is the resistance in vitro 
of a strain of N. intracellularis against 
which, however, polymyxin D was ef- 
fective in mice. 

The size of inoculum has an appreciable 
effect on the titration end points of the 
polymyxins. Thus increasing the inoculum 
by ten-fold steps from about 2 cells to 
20,000,000 cells of E. coli per ml. raised the 

* Polymyxin E has been used clinically by Pulaski and 
Rosenberg.'® However, E is not treated separately or 
otherwise distinguished from B in this study. 


end point also stepwise from 0.02 to 6 gg. / 
ml. of polymyxin D.® 

The activity of the polymyxins does not 
appear to be appreciably affected by the 
composition or pH of the test medium or by 
the inclusion of blood or serum. ®’“ Bliss et 
al.^^ noted moderate antagonism of poly- 
myxin D by soap, lecithin and lipositol. 

A notable feature of the polymyxins is the 
difficulty experienced by most investigators 
in developing resistant strains from sensitive 
species. Presumably, therefore, re- 

sistant mutants are rare. Nevertheless, 
resistant strains have been obtained ex- 
perimentally in some instances.®’^® 

There is general agreement that the 
polymyxins are rapidly bactericidal and 
that this is the primary antibiotic action. 
As an indication of the speed of sterilization. 
Bliss et al.^^ found that when 100,000 cells 
per ml. of E. coli were exposed to 0.2 gg. /ml. 
of polymyxin D in broth, only 20 viable 
cells per ml. remained after one hour and 
one after three hours. 

A phenomenon which may have bearing 
on the mechanism of action of the poly- 
myxins is the apparent lytic effect on sensi- 
tive species by polymyxins A and D noted 
by White et al.® This was evidenced by a 
rapid decrease in the turbidity of a cell sus- 
pension exposed to moderate concentrations 
of the antibiotics. Heat-killed cells were not 
affected. Under similar conditions strepto- 
mycin failed to cause any change. Not all 
polymyxin-sensitive strains were “lysed,” 
however. Hence there is no clear cut re- 
lation between bactericidal and “lytic” 
activity. 

EXPERIMENTAL CHEMOTHERAPY 

The therapeutic effectiveness of poly- 
myxins A, D and, to a lesser extent, B has 
been determined for a variety of experi- 
mental gram-negative infections, particu- 
larly in mice. In general, the in vivo results 
parallel the in vitro results; that is, infections 
produced by organisms sensitive to the 
antibiotic in vitro were favorably influenced; 
infections produced by organisms resistant 
to the polymyxins in vitro, including gram- 
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positive organisms, were unaffected. The 
one known anomaly in this regard is that 
previously mentioned concerning a strain 
of meningococcus, 

Experimental chemotherapy has been 
studied ^vith fewer organisms but in greater 
detail with pol)nnyxin D° than A or B. A 
typical experiment relating dose to chemo- 
therapeutic effect of polymyxin D in an 
otherwise rapidly fatal experimental infec- 
tion with K. pneumoniae in mice is illus- 
trated in Table ii and requires no further 
comment. In agreement with the in vitro 
results, increasing the inoculum increased 
the dose required to obtain the same thera- 
peutic response. If treatment ^vas delayed 
after infection, the dose required for a given 
therapeutic effect was also increased,^’’ 
probably reflecting, in part, the increased 
number of organisms in the mouse. 

A single dose of polymyxin D was found 
to be more effective than the same amount 
given in divided doses. Thus in the case of 
K. pneumoniae in mice^^ a single dose of 
1 mg. /Kg, at the time of infection pro- 
tected 85 per cent of the mice; 0.5 mg. /Kg. 
at once followed by 0.5 mg. /Kg. at three, 
six or twenty-five hours protected 70, 65 
and 55 per cent, respectively; 0.25 mg. /Kg. 
at once and repeated at three, six and 
twenty-four hours resulted in only 5 per 
cent survivors. 

Parenterally administered polymyxin D 
was more effective than orally administered 
drug. It was found ^ that in the case of K. 
pneumoniae in mice oral administration 
required about sixty-four times as much 
drug to obtain the same therapeutic response 
as when administration was by the subcu- 
taneous or intravenous route. 

Other experimental infections favorably 
influenced by polymyxin D were Pasteurella 
inultocida,®’® H, influenzae b,^^ H. pertus- 
sis® and E. typhosa in mice,® and Shigella 
gallinarum in fowl.® 

Experimental mouse infections studied 
by Brownlee et al.®’^® and found "to be 
favorably influenced by polymyxin A were 
E- typhosa, E. coli, H. influenzae, K. 
pneumoniae, H. bronchisepticus, H. per- 
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tussis and Ps. pyocyanea. In the few studies 
with polymyxin B® the results obtained were 
comparable to polymyxin A. 

In direct comparisons of pol)unyxins A 
and D of comparable purity White et al.® 
found D to be 30, 50 and 90 per cent as 

Table n* 

THERAPEUTIC ACTIVITY OF POLYMYXIN HYDROCHLORIDE 
AGAINST KLEBSIELLA PNEUMONIAE, STRAIN BE, IN MICE 

Mice: Vandenverken; 16-24 Gra. 

Infection: Intrapcritoneal; 0.5 cc. of 10~^ dilution of a 
4-hour broth culture; 5,000 ± 2,000 organ- 
isms. 

TTtaiment: Subcutaneous; single dose given immediately 
after infection; aqueous solutions of drug at 
pH 7.0 + 0.2. 


Dosage t 
mg. /Kg. 

1 

Survival- 

-21 Days after Infection 

AHve/Total 

Per Cent 

Timet 

4.0 

! 

70/70 

100 


2.0 

70/70 

100 


1.0 

70/70 

100 


0.8 

76/80 

1 95 

1 4.5 

0.6 

69/80 

86 

5.6 

0.4 

40/80 

50 

3.8 

0.2 

0/80 

0 

1.7 

Untreated 

j 0/80 

1 

0 

1.3 


* From Polymyxin: a new chemotherapeutic agent. 
P. G. Stansly, R. G. Shepherd and H. J. White. Bull. 
Johns Hopkins Hasp., 81: 43-54, 1947. With permission 
of the Editors. 

t Dosage expressed as pure polymy.xin hydrochloride, 
2,000 units per mg. 

J Average survival time (days) for mice that died. 

effective as A in experimental infections 
produced in mice by H. pertussis, K. 
pneumoniae and P. multocida, respectively. 
A parallel study by Brownlee et al.® with 
other organisms gave similar results except 
for H. pertussis, in which case Brownlee 
considered polymyxin D to be one-seventh 
as effective as polymyxin A. Both groups of 
investigators were in agreement that poly- 
myxin D was approximately one-half as 
acutely toxic for mice as polymyxin A.®'® 

As was suggested by the in vitro results, 
both polymyxin and were found to 
be about ten times more effective weight 
for weight than streptomycin in experi- 
mental infections in mice produced by 
susceptible bacteria. 
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EXPERIMENTAL AND CLINICAL 
PHARMACOLOGY 

It should be borne in mind that pharma- 
cologic and clinical data have been ob- 
tained with polymyxin preparations of 
about 70 per cent purity. The impurities 
may be of minor importance in absorption 
and distribution of the antibiotics but may 
play a significant role in producing toxic 
effects. Unfortunately, the effect of impuri- 
ties has not been evaluated and we are 
obliged to consider toxic reactions, when- 
ever they occur, as being due to the anti- 
biotic unless it is proved otherwise. 

Lethal Toxicity of Polymyxins A, B and D in 
Experimental Animals. In mice the acute 
lethal dose of the polymyxins is dependent 
upon the route of administration. Thus 
Brownlee et al.® found the relative lethal 
dose (LDeo) for the intravenous, intraperi- 
toneal and subcutaneous routes to be in the 
approximate order of 1, 2 and 13. This 
relationship held for each of the antibiotics. 
With a lethal dose the time at which death 
occurs is also dependent upon the route of 
administration, being two to thirty minutes 
after intravenous, two to four hours after 
intraperitoneal and up to thirty-six hours 
after subcutaneous administration for all 
three antibiotics. For all three routes and 
for material of equivalent potency, poly- 
myxin D was found to be about one-half as 
acutely toxic as polymyxins A or B.®’® As 
an indication of the absolute amount of a 
pol)TXiyxin required to produce death the 
results of Bryer et al.^^ are of interest. They 
determined the LDso for two lots of poly- 
myxin D administered as a single dose 
subcutaneously in mice. One lot had an 
LDso of 250 to 300 mg. /Kg. and the other 
400 to 500 mg. /Kg. The s)Tnptoms preced- 
ing death were ataxia, convulsions, paralysis 
and respiratory arrest. 

Dogs survived single intravenous injec- 
tions of 10 to 15 mg. /Kg. of polymyxin D. 
Rapid intravenous injection of 25 mg. /Kg. 
or intravenous drip with a total of 35 mg. / 
Kg. \vas fatal. The symptoms observed 
included paralysis and apnea, death occur- 
ring at Uventy minutes and two and one- 


half hours, respectively. Doses of 5 or 10 
mg. /Kg. intramuscularly twice daily for 
seven days were well tolerated. Intrathecal 
injections of 1 or 5 mg. produced no unto- 
ward reaction while 10 mg. produced a 
transient paresis of the hind legs. 

Experimental and Clinical Absorption, Dis- 
tribution and Excretion. Therapeutic blood 
levels are readily attained by parenteral 
administration of polymyxins A, B and D. 
Absorption from the gastrointestinal tract 
also takes place, at least with polymyxins B 
and D. With adequate dosage therapeutic 
effects in systemic infections are obtainable 
by this route both experimentally® and 
clinically.*® 

Polymyxin A: The information available 
on polymyxin A is meager. Subcutaneously 
administered in rabbits it appears promptly 
in the plasma but not in the red cells of the 
blood nor in the spinal ffuid.*® Swift*^ ob- 
tained serum levels of from 0.2 to 1 .6 /ml. 
one hour following an intramuscular injec- 
tion of from 2.1 to 4.0 mg. in children of one 
month to two and one-half years of age. 

Polymyxin B: Polymyxin B was adminis- 
tered by Kaplan et al.*® to a group of 
children intramuscularly (0.8 mg. /Kg. every 
four hours for five days) or by aerosol in- 
halation (0.5 mg. /Kg. four times daily for 
five days). Serum levels determined in 
twenty-six cases three and one-half to four 
hours following intramuscular administra- 
tion gave 2.8 to 7.0 (av. 4.6) jxg. /ml. 
Thirteen cases in the aerosol group gave 2.0 
to 2.6 (av. 2.3) jug. /ml. after one hour. 
Cumulative effects were not observed since 
levels were approximately the same on the 
third, fourth or fifth days of treatment. Ross 
et al.*® also found in children that a dosage 
of 3 mg. /Kg. orally every four hours, com- 
bined with 0.5 mg. /Kg. intramuscularly 
every four hours, gave spot blood levels of 
1.4 to 4.2 /xg./ml. No detectable blood level 
was found upon oral administration alone. 
It was inferred, however, that absorption 
took place since one-third of the patients 
showed elevated blood non-protein nitrogen 
attributed to the nephrotoxic effect of the 
drug. 
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Pulaski and Rosenberg^® noted that in 
man the peak serum concentration occurred 
two hours following intramuscular adminis- 
tration of 2 to 4 mg. /Kg. At six hours one- 
half of the peak concentration was still 
present, and at twelve hours there was still 
a measurable level. Cumulative serum con- 
centrations were observed if the doses were 
more frequent than at twelve-hour inter- 
vals. They noted that although excretion of 
polymyxin B was primarily renal it was 
slower than that of penicillin or streptomy- 
cin. During the first twelve hours after 
injection less than 0.1 per cent of the dose 
was recovered in the urine, but following 
this a progressive increase in urinary excre- 
tion occurred. When the daily dose was 
3 mg. /Kg., the concentration in the urine 
after twenty-four hours ranged from 40. to 
400 jug, /ml.. 

Polymyxin D: In dogs^'* single intramuscu- 
lar doses of 5 and 10 mg. /Kg. gave scrum 
levels of 2.5 and 5.0 Mg- /^al- after one and 
'one-half hours, decreasing to 1.25 and 
2.5 jug. /ml. after three and one-half hours. 
Levels four times these were obtained with 
similar doses twice daily for seven days. 
Practically all the antibiotic disappeared 
from the serum twenty-three hours after the 
last injection. No polymyxin was detected 
in the spinal fluid even with serum levels 
as high as 320 jug. /ml. obtained by intra- 
venous drip. Intrathecal administration of 
1, 5 and 10 mg. resulted in spinal fluid 
levels of 10 to 500 jug. /ml. which fell to 0.3 
to 20 /ig. /ml. in two to five hours. Blood 
levels of 1.25 to 0.6 jug. /ml. were obtained 
with the 5 and 10 mg. doses. 

In man^® intramuscular administration 
of 3 mg. /Kg. /day in divided three-hourly 
doses gave blood levels of 0.6 to 1.3 /xg. /ml. 
within twelve hours. On continued treat- 
ment the level rose to 2.5 and 5 jug. /ml. 
Accumulation of drug was not apparent. 

When administered in daily doses of 4 to 
2 mg /Kg. a lag in urinary excretion of 
approximately twelve hours was noted, 
paralleling the observation made by Pulaski 
and Rosenberg^® with polymyxin B. Drug 
then appeared in the urine, increasing 
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rapidly so that by seventy-two to ninety-six 
hours approximately 60 per cent of the 
administered drug was excreted. The con- 
centration in the urine varied between 10 
and 100 jug. /ml. 

Toxic Reactions. Polymyxins A and B: Ac- 
cording to Brownlee and Bushby^® all 
batches of polymyxin A contained an anti- 
diuretic factor for rats on “high dose” levels. 
Antidiuresis, however, was not observed in 
man on “therapeutic” dosage. All batches 
but one caused damage of the renal tubules 
which was accompanied by albuminuria. 
The effect was at first said to vary inversely 
with purity but subsequent data did not 
support this conclusion.® The antidiuretic 
and tubule-damaging factors were thought 
to be distinet. 

Brownlee et al.® attempted to eounteraet 
the tubular effects of polymyxin A in rats 
by treatment with a variety of amino acids 
and related compounds. D,L-methionine 
was considered to be significantly active. 
In dogs the data indicated that complete 
protection against the effect of 1 mg. of 
polymyxin A four times daily was afforded 
by a single injection of 5 mg. /Kg. of 
methionine. This salutary effect of methio- 
nine in counteracting albuminuria caused 
by polymyxin A did not carry over to 
man.®’^^ 

Comparisons of the renal toxicity of 
polymyxin A and B were made in the rat, 
rabbit, dog and, to a minor extent, in man. 
The protocols, unfortunately, suffer from a 
lack of clarity. For instance, in the rat ex- 
periment the doses administered are not 
given. In the data on man the two subjects 
on polymyxin B received one-half and one- 
fifth, respectively, of the dose the subjects 
on polymyxin A received. Furthermore, in 
several instances an element of uncertainty 
exists as to whether or not the dose was 
adjusted in accordance with the varying 
potencies of the batches of drug used. The 
rabbit and dog experiments were less con- 
fusing and the data in these suggest that 
less proteinuria was associated with ad- 
ministration of polymyxin B than A. 

In man the most serious s^nuptoms associ- 
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ated with administration of the polymyxins 
are those attributable to renal damage. Of 
lesser importance are certain subjective 
nervous symptoms associated witli ad- 
ministration of polymyxin B and, possibly, 
of E. Finally, minor disturbances, such as 
elevated temperatures, malaise, etc., have 
also occurred with the various polymyxins. 

Ross et al.^® treated patients orally with 
polymyxin B, or both orally (2 to 3 mg. /Kg. 
every four hours) and intramuscularly (0.5 
mg. /Kg. every four hours). Only six cases 
comprised the latter group. The majority 
of toxic reactions occurred after intramuscu- 
lar administration. Malaise and anorexia 
were noted in three of the six patients. 
Blood non-protein nitrogen did not increase 
significantly. Albuminuria, ranging from 1 5 
to 200 mg. per cent, was observed in two 
of the six cases while casts and white cells 
were seen in five. In all instances urinary 
and blood abnormalities disappeared within 
two to four days after termination of therapy. 

Pulaski and Rosenberg^® studied twenty 
cases of severe urinary tract infections 
treated with polymyxins B or E. Treatment 
was intramuscular for two to six days. None 
of the patients developed drug sensitivity. 
When the dosage did not exceed 2.5 mg./ 
Kg. /day, there was no increase in blood 
urea, blood non-protein nitrogen or any 
consistent evidence of nephrotoxicity. When 
the dosage exceeded 4 mg. /Kg., the amount 
of albumin and the number of red, white 
and renal cells in the urine increased. 
Granular casts were seen only inconstantly. 
Oliguria and fixation of the specific gravity 
of the urine at a low level were not con- 
sistently observed. In any case urinary 
abnormalities produced as a result of 
therapy disappeared \vithin a week after 
the drug was withdrawn. 

In practically every instance, ho^vever, 
nerv^ous phenomena \vere associated with 
administration of these ttvo polymyxins. 
These symptoms consisted of paresthesias 
and h)"pesthesias about the face and scalp, 
mild dizziness and weakness. The s\Tnp- 
toms persisted throughout treatment and 
disappeared within twenty-four hours after 


completion of therapy. The symptoms were 
not severe enough to warrant cessation of 
therapy. Adrenalin, intravenous calcium or 
antihistaminics did not produce relief. 
Objective neurologic abnormalities could 
not be demonstrated. 

Jawetz and Coleman^® also call attention 
to the neurologic disturbances accompany- 
ing therapy with polymyxin B. They lasted 
while the drug was administered and sub- 
sided thirty-six to forty-eight hours after it 
was discontinued. No residual effects were 
observed. In their series of ten adults treated 
intramuscularly with doses of 20 mg. (about 
0.5 to 1.0 mg. /Kg.) every four to eight 
hours for three to four days no evidence of 
renal damage was detected. 

In Kaplan’s et al.^® series of eighty-four 
children treated intramuscularly (0.8 mg. / 
Kg. every four hours for five days) or by 
inhalation (about 0.5 mg. /Kg*, four times 
daily) with polymyxin B, albuminuria was 
present in thirty-three of sixty-six intra- 
muscularly treated patients, varying from- 
a trace to 3 plus and frequently associated 
with white cells. In all cases the urinary 
findings disappeared after treatment was 
discontinued. The most distressing symp- 
toms noted were ‘marked lethargy, irrita- 
bility and anorexia in all intramuscularly 
treated patients. These symptoms persisted 
until therapy was ended. Oliguria was 
present in several patients but was believed 
to be secondary to anorexia. As might be 
expected, toxicity was less pronounced with 
aerosol-treated' patients because of the 
lower blood levels obtained. 

The only available information concern- 
ing polymyxin A is that of Swift^^ who 
treated ten children intramuscularly with 
2.1 to 4.0 mg. (about 0.5 mg. /Kg.) of 
polymyxin A usually at four-hour intervals 
for varying periods up to seven days. 
Transient albuminuria developed in nine 
of the ten patients varying from a trace to 
400 mg. per cent. In most instances the 
albuminuria disappeared within a week. 
Gross hematuria was not observed but red 
blood cells and granular and hyaline casts 
were noted in four of the cases. 
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Polymyxin D: Experimentally Bryer et 
found that a large single daily subcu- 
taneous dose (20 mg. /Kg.) of polymyodn D 
in dogs led within twenty-four hours of the 
first injection to the appearance of epi- 
thelial cells, cellular casts and albumin in 
the urine. The specific gravity decreased 
but the urinary output was maintained 
and usually increased. The administration 
of D,L-methionine did not prevent the 
urinary changes. The albuminuria tended to 
decrease despite continuation of treatment. 

Schoenbach et al.“° treated twenty-two 
patients suffering from a variety of infec- 
tions with poI)mi)ocin D intramuscularly (in 
one case subcutaneously) with 3 to 7 mg. / 
Kg. /day in divided doses. Albuminuria, 
cellular casts, granular casts and large 
epithelial cells appeared in some of the 
patients, particularly in those receiving the 
larger doses. The more severe effects oc- 
curred in those patients with pre-existing 
renal impairment. In some patients the 
albuminuria disappeared even though treat- 
ment continued. Azotemia was noted in 
four patients and oliguria in one. Epigastric 
distress \vith anorexia was noted on five 
occasions with four patients but disap- 
peared during treatment. Blood counts and 
liver function tests were normal. 

General: Practically all who have studied 
the polymyxins clinically report an occa- 
sional rise in temperature associated with 
parenteral administration. On the other 
hand, Kaplan et al.^^ found that sixty-two 
of sixty-four patients on polymyxin B 
reacted in this way and developed an 
average temperature of 101° to 102°f. for 
as long as therapy was continued. 

Pain at the site of intramuscular injection 
was another frequent complaint, and was 
relieved in most instances by administration 
of the drug in 1 per cent procaine or similar 
anesthetic. According to Kaplan et al. less 
pain was associated with polymyxin B sul- 
fate than hydrochloride. 

Both Brownlee et al.® and Bryer et al.^^ 
are in agreement that the renal damage 
produced by the polymyxins is confined to 
the tubular epithelium. The effect on the 
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tubular epithelium is reversible, as evi- 
denced by the fact that (1) clinically the 
proteinuria disappears upon cessation of 
drug and sometimes decreases evep upon 
continuation of the drug and (2) experi- 
mentally there is histologic evidence of 
tubule regeneration in animals sacrificed 
while under continuous administration.^"* 

THERAPY IN MAN 

Polymyxin A in Pertussis. Swift’s series of 
ten unselected cases of pertussis is the only 
report available of the therapeutic use of 
polymyxin A in man.*"*Diagnosis of pertus- 
sis was symptomatie except for one case in 
which the eausal organism was isolated. 
The patients ranged from one month to 
two and one-half years old. Administration 
was 0.4 mg. every 4 hours intramuscularly 
fon 5 days in mild infections, and 0.8 mg. 
every 3 or 4 hours in severe infections. 
Blood levels at 4 hours were 0.2 to 0.4 
Mg. /ml. 

Two cases (fourteen months and two and 
one-half years) were early and mild and 
their recovery was uneventful. Three (two 
months, six and one-half months and two 
years) were moderately severe and were 
considered to be favorably influenced by 
therapy; paroxysms and vomiting rapidly 
subsided and whooping ceased between 
the sixth and thirteenth days. The other 
five patients (one, one and three-fourths, 
three, five and seventeen months) were 
severely ill. In two of these death seemed 
imminent but one (one month) responded 
promptly and recovered. The other (seven 
weeks) was complicated by gastroenteritis. 
Cyanosis, apnea and whooping rapidly 
disappeared but the child died of gastro- 
enteritis. The third (three months) re- 
sponded to a second course of polymyxin A 
but not to the first. The dose of the first 
course was believed to be too small. The 
fourth severe case (five months) recovered 
rapidly and the fifth (seventeen months), 
a case of two weeks’ duration, was respon- 
sive but died of staphylococcal lung abscesses. 

Swift concluded that “all these cases 
showed a definite response in the first forty- 
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eight hours; the ultimate benefit obtained 
seemed to depend on the duration of 
symptoms before the start of treatment 
rather, than on the severity of the disease 
or the patient’s age.” 

Polymyxin A in Abdominal Surgery. Poly- 
myxin A was included by Pulaski et al.*^ 
in a study to evaluate various substances as 
preoperative antiseptics in gastrointestinal 
surgery. Twelve patients received 200 or 
400 mg. of polymyxin A in divided doses 
four times daily for as long as sixteen days. 
All coliform organisms except Proteus were 
suppressed within’ twenty-four to sixty 
hours and suppression was maintained for 
two days after administration was discon- 
tinued. There were no toxic reactions. 

Polymyxin B in Specific and Non-Specific 
Enteritis in Children. Forty patients were 
treated by Ross et al.^® as follows; eighteen 
cases of non-specific enteritis, 2 mg. /Kg. 
orally every four hours for four to ten days; 
sixteen cases of Shigella enteritis (sonnei 
and flexner), 3 mg. /Kg. orally every four 
hours for seven to fifteen days; four cases of 
Salmonella enteritis, orally (3 mg. /Kg.) 
and intramuscularly (0.5 mg. /Kg.) every 
four hours; and two cases of typhoid fever 
orally (2 mg. /Kg.) and intramuscularly 
(0.5 mg. /Kg.) every four hours. 

No salutary effect either with respect to 
the duration or severity of the diarrhea was 
detected in the patients with non-specific 
enteritis. The authors note that these 
results are at variance with the favorable 
results reported in the majority of some 
forty odd cases of presumably non-specific 
gastroenteritis mentioned by Brownlee.®^ 

Of the sixteen cases of Shigella infections 
fourteen were regarded as having been 
bacteriologically and clinically cured. The 
stools became negative for the pathogen 
in one to four days. Only two of the four 
cases of Salmonella infection received drug 
long enough to evaluate its effect. One of 
these ^vas bacteriologically cured while the 
other suffered a recurrence after cessation 
of therapy. Therapy in the other two cases 
was stopped prematurely on account of the 
appearance of untoward reactions. No 


striking clinical effect resulted in the two 
cases of typhoid although the organisms 
were very sensitive in vitro and the bacteri- 
ologic response of the patients was regarded 
as encouraging. 

Polymyxin B in Urinary Tract Infections. 
Twenty patients with severe urinary tract 
infection were treated with polymyxin B 
and E by Pulaski and Rosenberg.^® All but 
one of these patients had had previous 
extended trials with other agents including 
penicillin, streptomycin and sulfonamides. 
Polymyxin therapy consisted of intramuscu- 
lar administration of an average of 2.5 mg. / 
Kg. /day generally in four divided doses for 
periods ranging from two to six days. 

Ten of the twenty patients were regarded 
unequivocally as having been benefited by 
polymyxin. Improvement was noted by the 
second day of treatment and was manifested 
by reduction or elimination of bacteria in 
the urine, regression of symptoms, decrease 
in fever and improvement in the urine as 
determined by complete urinary analysis. 
The outcome was considered to be particu- 
larly gratifying in acute Pseudomonas pye- 
lonephritis cases. In all improved patients 
improvement was sustained for a minimum 
follow-up of three weeks. 

In seven instances the results of polymyxin 
therapy were considered doubtful. Each of 
these patients had severe, long-standing 
pyelonephritis. All the patients, however, 
had an immediate clinical or bacteriologic 
response or both but there was either no 
permanent improvement despite elimina- 
tion of the organisms or the organisms were 
not completely eliminated. 

Three eases were regarded as failures. 
One had a Proteus organism resistant to 
polymyxin. The other t-wo had scarred 
kidneys with multiple cortical foci of infec- 
tion. One of the latter patients had in addi- 
tion a mixed infection, one of the organisms 
being Proteus. 

Jawetz and Coleman^^ studied ten cases 
of urinary tract infection treated with 
polymyxin B. All had failed to respond to 
sulfonamides and streptomycin. Adminis- 
tration of polymy.xin was intramuscular, 
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20 mg. every four to eight hours (approxi- 
mately 0.5 to 1.0 mg. /Kg. /day) for three 
or four days. An effort was made to main- 
tain serum levels between 2 and 10 jug /ml. 
No detailed analysis of the results are given 
except in one case. The autliors summarize 
their findings as follows; “. . . Polymyxin 
B . . . eliminated susceptible bacteria from 
urine and controlled symptoms. The short 
course of treatment, however, was followed 
by a bacteriologic relapse within one to 
three weeks.” The authors regard the 
therapy as having been, “within its scope, 

. . . successful.” Pi'olonged treatment was 
not attempted because of unfavorable side 
reactions. 

Polymyxin B in Injinenzal Meningitis. A 
single case treated successfully with poly- 
myxin B is given in detail by Kagan. The 
patient was a, thirteen month infant who 
had received large doses of sulfadiazine and 
streptomycin and also specific rabbit anti- 
influenzal serum to no avail. When the child 
had had meningitis for four weeks and a 
fatal termination seemed inevitable, therapy 
with polymyxin B was instituted. Adminis- 
tration was intramuscular' and intrathecal' 
on the first day (5 mg. /Kg. in divided doses 
intramuscularly and 1 mg. intrathecally) 
and intrathecal only on the succeeding five 
days (3.5 mg. /day). The infant was afebrile 
for the first time on the fifth day and 
markedly improved on the sixth. He im- 
proved rapidly and was discharged as 
cured fifteen days after inception of poly- 
myxin therapy. The causal organism was 
sensitive to 0.4 units of polymyxin B'per ml. 
A detailed examination of the infant 
three months after discharge revealed no 
abnormalities. 

Polymyxin B in Pertussis. Kaplan et al.^® 
studied the eflFeet of polymyxin B on eighty- 
four infants and children. Administration 
in sixty-six patients was intramuscular, 0.8 
mg. /Kg. every four hours for five days, and 
in the remainder by aerosol inhalation, 
about 3 mg. /Kg. /day in divided doses four 
times daily. In both series of patients blood 
levels were well above those necessary to 
prevent the growth of H. pertussis in vitro. 
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Of the sixty-six intramuscularly treated pa- 
tients twenty-three were adjudged as im- 
proved, seven as equivocal and Airty-six as 
failures. A case was considered as improved 
if clinical improvement took place within 
seven days of the start of therapy. Of the 
patients treated by inhalation five were 
improved, five equivocal and eight failures. 

It was concluded that a significant 
therapeutic effect of polymyxin B in Pertus- 
sis was not clearly demonstrated. It seems 
unfortunate that the duration of illness be- 
fore the start of therapy was not taken into 
consideration in this study. It may be 
recalled that it was Swift’s impression that 
the efficacy of polymyxin A in pertussis was 
dependent upon the duration of symptoms 
prior to institution of therapy. 

Polymyxin B in the Local Treatment of 
Wounds. Pulaski and Rosenberg^® record 
that topical application of 1 per cent poly- 
myxin in saline or carbowax resulted in 
sterilization of several Pseudomonas aeru- 
ginosa-infected granulating wounds. 

Schoenbach et al.^*^ treated twenty- two 
patients with polymyxin D who suffered 
with infections produced by a variety of 
gram-negative organisms. The results are 
summarized in Table iii and those of special 
interest are amplified below. 

Polymyxin D in Pseudomonas Aeruginosa. 
A case of particular interest was a nine year 
old boy with generalized exfoliative derma- 
titis which became infected with Ps. aeru- 
ginosa and jS Str. hemolyticus. He also had 
a pyelonephritis with Ps. aeruginosa as the 
infecting organism. He was considered to 
be gravely ill and did not improve despite 
large doses of penicillin, streptomycin and 
sulfadiazine. Polymyxin therapy was in- 
stituted on the twentieth hospital day at a 
dosage of 3 mg. /Kg. /day intramuscularly 
for twenty days. Blood levels of 0.6 to '2.5 
jUg. /ml. were obtained. Cultures of the 
urine became negative within twenty-four 
hours and Ps. aeruginosa was completely 
eliminated from the skin in ten days. Urine 
examination revealed a 4-1- albuminuria 
and casts on the third day which disappeared 
while treatment was continued. Blood non- 
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protein nitrogen was 37 ing. per cent before 
therapy with polymyxin and was unchanged 
after twenty days of treatment. Because of 
the streptococcus, penicillin therapy was 
continued along with polymyxin. The 
patient completely recovered. 


uneventful convalescence after three days 
of polymyxin therapy. 

Polymyxin D in Brucellosis. Two patients 
with acute brucellosis were treated for ten 
to fourteen days. Both experienced relief of 
symptoms rapidly and became afebrile 


Table hi* 

SUMMARY OF CLINICAL TRIALS WITH POLYMYXIN D 


Disease 

No. 

Treated 

Age of 
Patients 

Treatment 

Results 

! 

Daily 

Dose 

mg./Kg. 

No. of 
Days 

Cultural 

Clinical 

Pseudomonas aeruginosa infection . . . 


8 wk.-9 yr. 

3-7 

3-20 

Excellent 

Excellent 

Pertussis 


6 wk.-4 yr. 

3-7 

4-5 

Doubtful 

Good 

Peritonitis f 

1 


3 

3 


Good 

Aerobacter aerogenes ... . 


Adults 

4-7 

4 

Excellent 

Good 

K. pneumoniae 


Adults 

3-4 

4-15 

Excellent 

Good 

Brucellosis .... 


Adults 

3-7 

10-20 

Good 

Good, acute; 







chronic, none 

Typhoid. . 


11, 16, 27, 

4 

2-5 

Good 

Variable 


■I 

62 years 






* From The clinical use of polymyxin, E. B. Schoenbach, M. S. Bryer and P. H. Long. Ann. New York Acad. Sc., 
51: 987-997, 1949. With permission of the Editors, 
t Etiology unknown 


Another case concerned a very severely 
burned child. The burned areas became 
infected with Ps. aeruginosa and the child 
was gravely ill. Polymyxin was administered 
intramuscularly at a dose of 3 mg. /Kg. /day 
for twelve days. The child became afebrile, 
the exudate cleared and the cultures be- 
came negative. There were no complica- 
tions and convalescence was uneventful. 

Polymy.xtn D in Pertussis. This study in- 
volved five cases. It was the opinion of the 
investigators that the children under one 
year appeared to benefit from therapy 
whereas the older age group was more diffi- 
cult to appraise. 

Polymy.xin D in Aerobacter Aerogenes. In 
two cases blood cultures became negative 
within twenty-four hours after start of 
therapy and the patients became afebrile. 

Polymy.xin D in Peritonitis of Unknown 
Etiology. One patient with peritonitis sec- 
ondary to a perforated appendix made an 


within three to four days. Both were 
asymptomatic on follow-up several months 
later. No untoward reactions were noted as 
a result of therapy except transitory albu- 
minuria in one. 

Polymyxin D in Typhoid. The variability 
noted in Table iii was due to many com- 
plicating factors in the three cases studied. 
One patient was treated in the fourth week 
of illness when he was in circulatory shock, 
distended and delirious. He died sixty hours 
after treatment was instituted. A second 
patient responded well to minimal doses of 
polymyxin (which was scarce at the time) 
but relapsed three weeks after polym^odn 
was discontinued. A third case was ex- 
tremely serious and concerned a sixty-two 
year old man with pneumonia, phlebitis, 
prostatic obstruction and high fever. No 
improvement resulted from treatment with 
penicillin or streptomycin. Blood and stool 
cultures were found to be positive for E. 
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lyphosa. Polymyxin in doses of 4 mg. /Kg. / 
day was given intramuscularly for five days. 
The temperature fell within twenty-four 
hours and was normal on the fifth day of 
treatment. Blood and stool cultures became 
negative and the patient made an unevent- 
ful recovery after surgical treatment to 
relieve the prostatic obstruction. 

COMMENTS AND CONCLUSIONS 

There can be little doubt that the poly- 
m>odns have exhibited effective therapeutic 
activity in certain infections of mad pro- 
duced by gram-negative bacteria. It is ap- 
parent, however, that their application in 
this field is likely to be limited because of 
the occurrence of untoward reactions elic- 
ited by material used in the clinical trials. 
They will be limited, for instance, to local 
therapy, to .preoperative preparation in 
abdominal surgery and to those systemic 
infections in which the dangers of the 
disease outweigh those of temporal*)’’ renal 
damage. The latter would include infections 
refractory to the sulfonamides, streptomycin 
or other therapeutic agents, the causal 
organisms of which are of the type suscepti- 
ble to the polymyxins. In these instances 
the polymyxins may, in the words of Long,^'‘ 
be life-saving. In other instances, as in in- 
fections produced by the Pseudomonas 
group, the polymyxins may, even in their 
present state of purity, be the drugs of choice. 

The toxic reactions elicited by the rela- 
tively crude polymyxins which have been 
used clinically should certainly not be mini- 
mized. On the other hand, it is equally 
important not to overemphasize their oc- 
currence and seriousness. The renal effects, 
which have received major attention, were 
elicited inconstantly and in every case 
appeared to be transitory, sometimes dis- 
appearing even upon continued adminis- 
tration. Whether the subjective nervous 
symptoms associated with administration 
of polymyxin B are limited to this particular 
polymyxin is not known. Here, too, how- 
ever, the effects were transitory. No perma- 
nent injury resulting from administration 
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of the polymyxins in man has yet been 
reported. 

Clinically the fundamental relations of 
dosage, blood levels, toxicity and therapeu- 
tic efficiency have yet to be elucidated, and 
the scope of the polymyxins in the treatment 
of infectious diseases determined. It is ob- 
vious that much is to be gained if attention 
is given to supplying qualified investigators 
with material of increased purity. 

In this reviewer’s opinion the superiority 
of one polymyxin over another cannot be 
considered to have been demonstrated. 
They do not appear to differ from each 
other materially in their antibacterial prop- 
erties. The claim has been made that 
nephrotoxicity is less frequent and intense 
with polymyxin B than A or D in experi- 
mental animals and is absent in man.® The 
former observation awaits confirmation and 
the latter is refuted by clinical experience 
reported in this review. Ultimately, careful 
clinical comparisons will be necessary should 
it develop that the polymyxin type of anti- 
biotic finds a useful place in the therapy of 
infectious diseases caused by gram-negative 
bacteria. 
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Anorexia Nervosa 


T hese cases are chosen to illustrate the relation between psychiatric and medical 
factors in the production of symptoms. They are part of the Harvard teaching on the 
Psychiatric and Children’s Medical Services of the Massachusetts General Hospital. 
These psychiatric conferences are edited by Drs. Stanley Cobb and Henry H. W. Miles. 
Publication is made possible by a grant from the Josiah Macy, Jr., Foundation. 


Dr. John C. Nemiah: D. M. (No. 628973), 
a twenty year old single woman, was brought 
to the Massachusetts General Hospital from 
her rooming house in a semi-intoxicated 
state after the ingestion of an overdose of 
phenobarbital. Despite a lifetime of malad- 
justed behavior it was not until nine months 
before admission that she had first come 
under medical surveillance. At that time 
following an argument with her mother, she 
had taken about a dozen aspirin tablets with 
suicidal intent. She had been persuaded to 
consult a psychiatrist but her \dsits had 
been irregular and four weeks later she 
swallowed twelve “empirin” tablets in a 
second attempt at suicide. After that she 
ran away from home. For a week she hid 
in a rooming house, drinking heavily, then 
returned to her family. She then quit col- 
lege, lived by herself and managed to work 
for a few weeks before impulsively leaving 
her job. From then on she led an aimless life 
of job-hunting and drinking (with sporadic 
psychiatric interviews) until she made a 
third unsuccessful suicidal attempt with 
phenobarbital four weeks before admission. 
Another month of similar behavior led to 
the episode that brought her to the hospital. 

There was no family history of psychosis. 
However, the mother was a fat, immature, 
self-pitying woman who flew into rages and 
endlessly scolded and argued with the 
patient. The father was a small man, 
quiet, submissive and a hard worker. The 
patient’s only sibling, an older sister, was 
tense and nervous and was married to an 
alcoholic law student who worked as a jazz 
musician by night. 

Her past medical history was significant 


only in that at the age of five years and 
again at seven the patient had been knocked 
unconscious for brief periods, each time 
without known sequellae. The patient had 
not been a welcome addition to the family. 
Her mother had made futile attempts at 
abortion, and the patient’s birth had been 
by cesarean section, allegedly to relieve the 
mother’s anxieties about parturition. The 
mother had been unable to nurse the baby. 

There had been no early childhood habit 
disorders other than rare enuresis. The 
patient’s first memories reached back to the 
age of four years. She recalled at that time 
having tasted her own feces. She had im- 
mediately become panic-stricken and had 
been nauseated for three days. In the same 
year she had been caught examining a 
little boy’s genitals and had been punished 
for her curiosity. At the age of five she had 
felt rejected by her father who once spanked 
her for wetting her pants; and shortly there- 
after when she came into the bathroom and 
voided in his presence, he had become angry 
and chased her from the room, telling her 
that she was now a grown-up girl and must 
not do such things, ^ter that when she wet 
her bed she was conscious of shame lest her 
father discover it. 

From six to nine years of age the patient 
fussed with her food at meals, often throwing 
it out of the window rather than yield to 
parental demands to eat. She ran away 
from home several times, “played hookey” 
from school, developed a fiery temper and 
tended to withdraw from other children, 
preferring to play alone. At the age of ten 
she remembered believing that impregna- 
tion occurred by oral mixing of male and 
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female saliva and when shortly thereafter continue a very active life despite frequent 


she learned the true facts about conception 
she was shocked, disgusted and upset at the 
thought of her parents indulging in such 
activities. At thirteen she first went on a 
diet lest she become fat like her mother. 
She was, at this period, a vigorous “tom 
boy” and had a fear of developing large 
breasts or looking pregnant. 

Her menstrual periods which had begun 
when she was twelve continued with no 
disturbance other than mild dysmenorrhea 
until, at the age of fifteen, she became almost 
totally anorexic for several weeks and ceased 
menstruating. (Her periods returned after 
several months but have been Irregular 
thereafter.) She lost fifteen pounds but 
noticed no weakness. On the contrary there 
was an increase in her energy and physical 
activity. This constellation of symptoms 
ended abruptly when after being disap- 
pointed by a boy she overate one day and 
promptly vomited. During the next two 
years there were several such episodes of 
anorexia followed by the compulsion to 
overeat followed by vomiting, either spon- 
taneous or induced by tickling her throat. 
This sequence of gorging and vomiting be- 
came so frequent that she referred to it as 
“the habit.” Although ashamed of the 
procedure, she found that it relieved feelings 
of depression and disappointment. During 
this period she ran away from a girl’s board- 
ing school where she believed herself dis- 
liked by her classmates even though she 
had been elected class president. 

She became aware at this time of a re- 
current pattern \vhich had affected her 
relations witli people over many years. 
Shortly after forming friendships she would 
begin to feel that her friends were disgusted 
by her; she would withdraw from them and 
purposely behave iri a way to make them 
dislike her. She stated her feelings as: “I 
would rather be hated than be an object of 
disgust.” 

^Vhcn eighteen years of age the patient 
began college. A long period of anorexia 
resulted in a loss of weight to 87 pounds but 
the patient felt so well that she was able to 


parties, little sleep and increasing alcoholic 
intake. During her second year of college 
she found herself less satisfied with her 
friends and began to resort to large doses 
of benzedrine to stimulate the energy which 
late hours, great excess of alcohol and rare 
marijuana smoking tended to dissipate. 
“The habit” , became a prominent symp- 
tom, frequently occurring as often as 
several times a day. She began to cut classes 
regularly, worried a good deal whether she 
had had sexual intercourse while drunk 
and became increasingly discouraged with 
her life and her behavior. In this wise she 
continued until the suicidal attempts that 
preceded hospitalization. 

Physical examination revealed the patient 
to be a small, childish looking girl who was 
quite thin but not emaciated. No ab- 
normalities were found upon general physi- 
cal and neurologic examinations. 

Laboratory data were as follows: Uri- 
nalysis, complete blood count, chest x-ray 
and skull x-rays were all normal. The blood 
Hinton test was negative. B.M.R. was 
minus 11. The electroencephalogram re- 
vealed a focus of slow waves in the right 
occipital region and when repeated later 
there were slow waves in the left frontal and 
left occipital areas. The records were con- 
sidered abnormal but contained no specific 
diagnostic features. 

In the ward she has been at all times 
cooperative with the staff and has complied 
with the hospital rules. There have been 
rapid alternations of mood: within an hour 
or a day she may swing from a state of tear- 
ful depression to alertness and activity, at 
times being overenthusiastic and almost 
abnormally cheerful. Her compulsive stuf- 
fing of food and vomiting (“the habit”) has 
continued, especially when she has been 
depressed. 

In the seven weeks since admission the 
patient has produced an abundance of 
memories and associations so that the 
material has of necessity been very much 
condensed in the presentation. She has 
reported numerous dreams, one of which 
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will be mentioned because it so clearly 
reveals an unconscious fantasy. In the 
dream the patient was explaining sex to 
her sister and drew a diagram to illustrate. 
Within the outline of a human body*, she 
drew “an ovary” (in the region occupied 
by the stomach) connected above to the 
esophagus and below to the intestines. A 
long penis was drawn, hanging from the 
part of the “ovary” adjacent to the pyloric 
valve. Inside the' “ovary” she sketched a 
curled-up fetus. In explaining the dream 
she said that the penis discharged urine 
with sperm which then crept through the 
wall of the “ovary” in its lower portion. 
She corrected herself, saying: “No, it was 
the upper portion.” She tlien said she didn’t 
know why it seemed more natural that the 
sperm should enter through the upper part. 
Finally spontaneously she burst out: “You 
want me to say that the sperm went down 
through the esophagus.” 

At presentation of the patient before the 
group she appeared somewhat tense and 
was less communicative than usual although 
poised. When asked how she felt she replied : 
“A bit cautious.” 

t 

DISCUSSION 

Dr. Stanley Cobb: This is a rather 
abnormal looking electroencephalogram. 
If she had had numerous fainting attacks 
or anything related to seizures, we would 
say the electroencephalogram was signifi- 
cant. It is just as abnormal as those of a lot 
of epileptics between attacks. 

A Rorschach test would be of interest. 1 
was interested in this case because it is said 
that patients with anorexia nervosa have 
fantasies of oral impregnation. This she has 
bad, but I wanted to learn if suggestions of 
this idea by a psychiatrist could be com- 
pletely ruled out. Dr. Nemiah- has been 
careful about that and is sure that the 
material showed up spontaneously. So here 
We have evidence that seems authentic. She 
has said it in her own words. 

For this patient a weight of 83 pounds is 
not very low. She is very small. She has not 
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reached the extremes of emaciation that 
some of these patients do. She has had 
amenorrhea in the past but recently has 
menstruated. The amenorrhea is usually 
secondary to the starvation but not always. 
There are some cases in which it begins 
before marked weight loss. 

Dr. Jacob E. Finesinger: Should one 
be concerned with the differential diagnosis 
between Simmonds’ disease and anorexia 
nervosa? 

Dr. Cobb: At present this patient shows 
no endocrine disturbance. There is a history 
of amenorrhea. One can almost rule out 
pituitary disease by the history. Simmond’s 
disease is more progressive, not so much up 
and down. The history is remarkably in- 
teresting, not entirely typical of anorexia 
nervosa; there are so many extraneous 
things such as several suicidal attempts, 
short periods of depression, alcohol which 
she has used rather excessively and benze- 
drine. I do not remember another such 
patient who has used alcohol and benze- 
drine; they often have a great drive on their 
starvation sprees and need no stimulant. 

Dr. Finesinger: Do you remember 
another patient with anorexia nervosa who 
attempted suicide? 

Dr. Cobb: I do not remember one who 
used drugs to do so. You can look on the 
whole episode as a suicidal attempt. I do not 
remember a history that showed such 
manic-depressive trends. 

Dr. Henry H. W. Miles: Is it usual for 
these patients to show alternating periods 
of overeating and fasting? 

Dr. Cobb: About 30 per cent of those we 
have observed have had starvation periods 
alternating with overeating periods, usually 
longer than those of this girl. With her, 
everything is short and episodic. In ordinary 
cases of anorexia nervosa they starve for 
months or years and then in the next year 
will overeat and go up in weight. 

Dr. Vernon Williams: Did she tell you 
why she wanted to do away with herself? 

Dr. Nemiah: Her main reason is that she 
considers herself a “fake,” she is no good, 
there is no point in going on with living. 
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She is disgusted after an episode of over- deny the female role. The whole eating 
eating. She had not recognized the starva- problem is associated with denial of femi- 
tion as abnormal. ninity. It seems as if, to her, eating means 

Dr. Cobb: It is of interest that she uses the becoming a pregnant woman. The stomach 

word disgust which means “bad taste.” At takes* the place of the ovary. Food should 

the age of ten she had the fantasy about not get in. While she craves it, she wants to 

oral impregnation. She wondered about vomit it. With her, eating seems to be con- 

saliva and semen. This is not rare in fused with impregnation, 

adolescent girls. Then in the first episode I would not dare say too much about the 
when she stopped eating, it was evidently treatment. Relationship to Dr. Nemiah, 
with the idea that she did not want to be fat being accepted by a male person, must 

and sexy and would rather be like a boy. mean a great deal to her. She really gives 

Dr. Nemiah; She wanted to avoid second- him a great deal of fantasy material. That 

ary sex characteristics and reduce her ab- will be the mainstay of therapy; — work 

domen which looked pregnant. She did not through with her the fantasies, how eating 

want to become fat. Her bust and hips were means impregnation. Help her realize that 

too big. She emphasized that she always fantasy is not reality. One might be able to 

used the word “bust” instead of “breast.” convince her of her feminine role in life 

The latter word she hated. which she fears. 

Dr. Lucie Jessner: This is a most inter- Dr. LeMoyne White: I think that this 
esting history and I am surprised how patient, in common with patients who are 

quickly this deep material came out. I infantile, tends to aet out her feelings and 

believe that the oral material is the main be unconscious of them. She has had more 

thing. The motto of her life, perhaps the difficulty in handling her hostile feelings 

motivation of suicide is; “I would rather toward Dr. Nemiah than has been apparent 

be hated than disgusting.” She becomes today in the presentation. She is having a 

disgusted with herself, hates herself, then difficult time making a relationship, and he 

wishes to kill herself. It is interesting that will have to go through a lot of discouraging 

both parents have some oral problems, behavior on her p^t. 

too. The mother eats so much candy and Dr. Finesinger: I think she differs from 
gets so fat. The patient never wanted to " typical anorexia nervosa. Her episodes of 
identify with her mother who had rejected starving fluctuate more rapidly. She reacts 

her. Her father drinks alcohol and is the more rapidly to symbols than does a typical 

one person to whom she turned, by whom anorexia nervosa. Pills have some signifi- 

she felt accepted. Rejection by him in the cance. She tries to handle the problem of 

bathroom scene broke the one good relation- rejection in ways that do not succeed. She 

ship and the motif of disgust entered. She is very ambivalent and that makes it diffi- 

had to do a disgusting thing — had to wet cult for her. I have the impression that Dr. 

the bed — after being spanked for wetting Nemiah is doing well with her. She would 

her pants. She was trying to test her parents not have told him all this unless he had a 

to discover if she could be loved even though good start with her. 

disgusting. She attempted to deny disgust What are the best areas to approach? 
by eating snow ^vith dog feces to prove to Would it be wise to go for suicidal situa- 

herself that one should not be disgusted. tions? When she tries to kill herself, it seems 

It seems that she gave up hope of being that she is saying symbolically: “I have 

loved by mother or father. She tried to tried to identify with you, but you have 

identify with father, tried to be a boy. Later rejected me. You’ll be sorry when I’m 

she took to alcohol as he had done. When dead.” The function of tlie suicidal attempt 

her feminine development became manifest is to stir up guilt in the other person, with 

it was disgusting to her. She attempted to the idea; “You’Ll be sorry when I’ve killed 
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myself.” That is not unusual in children 
and immature people. 

I believe that it would be profitable to 
focus the interviews back to her suicidal 
attempts. Ventilation of these experiences 
might lead into tlie problem of rejection. 
This case is more like hysteria than anorexia 
nervosa; her prognosis is better than that 
of a patient witli typical anorexia. It would 
be worth while continuing psychotherapy 
with her. 

Dr. Cobb; Have you seen her mother? 

Dr. Nemiah; She is a short, fat, dumpy 
woman. She was very excitable after the 
patient had taken pills. She gets into temper 
tantrums, yells and screams. She has taken 
a horsewhip to the patient several times. 

Dr. Cobb: That fits in with other histories 
in anorexia nervosa. The mother drives 
them one way or another. Some have had 
their first serious attack at eighteen or nine- 
teen when the mother began to urge them 
to marry and had picked out a man. 

This patient is not satisfied with the 
starvation; she has to try suicide but the 
suicidal attempts are not very realistic. 

Dr. Finesinger: The patient probably 
knows that aspirin is not going to kill her. 
If this is so, the pills or the act of ingestion 
must have some symbolic meaning. The 
emphasis on symbolism and the “suicidal” 
attempts suggest hysteria as the most 
probable diagnosis. 

Dr. Cobb; Many of these patients have 
been handed from hospital to hospital. They 
are labelled schizophrenia in one clinic and 
hysteria in the next. They go around the 
circle again. I have no doubt but they look 
like hy'-steria and schizophrenia. In the last 
seventeen cases we have had of undoubted 
anorexia nervosa there were four who suc- 
ceeded in killing themselves. That is a 
fairly high rate of mortality. Six are married 
and over the anorexia nervosa and have 
families. The other seven make their 
hospital rounds still. 

They all have remissions. A number 
have them over a year or two or three. 
Usually the sequence is a starvation episode 
then a remission of a few months or a year. 
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They have four or five episodes and then 
either get over it or die. In this case the 
interesting aspect is that anorexia was not 
the main feature when she arrived, but the 
essence of the syndrome was learned through 
the interviews. 

Dr. Frances J. Bonner: I was impressed 
by the number of features of this case which 
are similar to those we have seen in many 
hysterias, particularly those which we have 
described as being very severe or very 
infantile. In that group one can find most 
of the features of this case, including oral 
pregnancy fantasies, ovaries in the stomach, 
etc. 

Dr. Cobb: I may have exaggerated the 
specificity of this syndrome. Perhaps I ought 
to admit more of an intergradation with 
schizophrenia and hysteria. Anorexia ner- 
vosa was described as a syndrome by Gull in 
1 874 who wrote it up very well. As much as 
any syndrome in psychiatry I think it 
deserves a name. 

Dr. Paul D. MacLean: How much sig- 
nificance do you give the depression? 

Dr. Cobb; It is unusual. When these 
patients are starving and at their lowest 
some of them show a drive of energy. They 
are not manic in their stream of talk but 
show great motor activity. Others are 
depressed. This girl is the first one in 
whom I really considered manic-depressive 
psychosis. 

Let us go ahead with her another month 
in the way we have. If we do not make head- 
way, we will have to think of what next. 
How much psychoanalysis would help I 
do not know. She would be an interesting 
case for a control analysis. 

further treatment 

Interviews were continued in the same 
manner. The patient was allowed to talk 
freely and spontaneously with a certain 
amount of “focussing” of the discussions 
around the suicidal attempts. These seemed 
to relate to a life-long pattern of behavior, 
i.e., when the patient developed strong 
positive feelings toward people (in her 
words, when she “got too close to people”) 
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she would be impelled to break away. There 
would then be depression and the wish to 
die. No disturbing interpretations were 
made to her and the unconscious symbolism 
of the oral fantasies was not explained. 

In the nine months since discharge the 
patient has not done well. Most of her 
symptoms have continued and she has made 
two more “suicidal” attempts. She has 
obtained and quit several jobs and joined 
Alcoholics Anonymous in an attempt to 
control her drinking. After a period of 
initial enthusiasm in which she immersed 
herself zealously in their activities, her 
interest waned. She quit A. A., discontinued 
psychotherapy and returned to live with 
her family. An indirect report from a mem- 
ber of her family indicates that her im- 
pulsiveness, mood swings and drinking are 
essentially as they were prior to treatment. 

SUMMARY 

This case of anorexia nervosa illustrates 
interesting psychodynamic mechanisms oc- 
curring in a girl whose symptoms also in- 
cluded alcoholism, tendencies toward drug 
addiction and rapid mood swings. 

Typically, anorexia nervosa is charac- 
terized by periods of starvation, emaciation, 
amenorrhea and gastrointestinal discom- 
fort. No primary metabolic or endocrine 
dysfunction has been established and in 
recent years there has been an increasing 
recognition of the importance of psycho- 
genic factors. Some patients have disgust 


for food although literally starving. This 
has been found in some cases to be associ- 
ated with fantasies of oral impregnation. 
The act of eating or the state of being fat 
therefore take on a profoundly disturbing 
symbolic significance.^ 

In many other cases no such fantasies are 
discovered. The patients may have no loss 
of appetite. They may stop eating in spite 
of great hunger, or they may eat and then 
vomit. The psychologic background may 
be expressed as merely a desire to remain 
slim and boyish. Sex may consciously enter 
the psychologic picture merely as an ex- 
pression of the feeling that to be fat is to be 
voluptuous. - 

In the staff discussion of this case the 
general characteristics of the syndrome were 
reviewed as well as interpretations of the 
patient’s specific symptoms and life prob- 
lems. In the treatment of such a patient 
ho.spitalization and persuasion to eat an 
adequate diet will often result in a remis- 
sion, but this is not a cure. The illness is a 
serious one with a relatively'high mortality 
rate; and unless the patient can be helped 
by means of psychotherapy to achieve a 
more adequate solution of her conflicts, the 
periods of starvation will probably continue, 
not infrequently accompanied by such 
serious neurotic symptoms as to necessitate 
committment to a mental hospital. 

• Waller, J. V., Kaufman, M. R. and Deutsch, F. 
Anorexia nervosa: a psychosomatic entity. Psychosom. 
Med., 2: 3, 1940. 

- DuBois, F. S. Compulsion neurosis with cachexia 
(anorexia nen.'osa). Am. J. Psychiat., 106: 107, 1949. 
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Weakness, Weight Loss and Prostration* 

S TiiNOGRAPHic icports, edited by Robert J. Glaser, m.d. and David E. Smith, m.d., 
of weekly clinico pathologic conferences held in the Barnes Hospital, are published in 
each issue of the Journal. These conferences arc participated in jointly by members of the 
Departments of Internal Medicine and Pathology of the Washington University School of 
Medicine and by Junior and Senior medical students. 


T he patient, M.S., (B.H. No. 31793), 
was a white, married woman, forty- 
three years of age, who entered the 
Barnes Hospital for the first time on October 
17, 1931, complaining of swelling of the 
neck, nervousness, shortness of breath and 
loss of weight. The family and past histories 
were non-contributory. Twenty years before 
entry during her first pregnancy the patient 
noted enlargement of the right side of the 
neck which apparently did not increase in 
size. Fifteen years later during her second 
pregnancy she became nervous, irritable 
and emotionally unstable and continued to 
be so to a varying degree during the years 
which preceded her first admission. Six 
months prior to coming to the hospital she 
developed shortness of breath and palpita- 
tion on exertion, and at the same time noted 
that she felt warm and perspired easily. 
Although her appetite was excellent, she 
had lost 30 pounds in weight. When she 
consulted her physician fifteen days before 
entry, he noted a tremor, enlargement of 
the thyroid gland with a bruit and thrill 
but no lid lag. Her blood pressure was 
elevated. She was given Lugol’s solution by 
mouth and was referred to the hospital for 
thyroidectomy. 

Physical examination at the time of entry 
revealed a temperature of 37°c., pulse 100, 
respirations 20 and blood pressure 170/65. 
The patient appeared restless. Her hands 
were moist, the skin warm and her face 
flushed. There was evidence of weight loss. 
Neither exophthalmos nor lid lag was 
described but there was a tremor of the 


tongue, lips and fingers. Examination of 
the upper respiratory tract was negative. 
The thyroid gland was moderately enlarged, 
particularly on the right, but no thrill or 
bruit could be detected. The lungs were 
clear to percussion and auscultation. The 
heart was hyperactive. The maximal apical 
impulse was in the fifth interspace 10)4 cm. 
from the midline. The rhythm was regular. 
A systolic murmur could be heard along 
the left sternal border. The peripheral 
pulses were bounding. The remainder of the 
physical examination was not remarkable. 

The laboratory findings were as follows: 
Blood count: red cells, 4,260,000; white 
cells, 6,500; hemoglobin, 14.5 Gm.; dif- 
ferential count: within normal limits. Uri- 
nalysis: negative. Blood Kahn test: negative. 
Non-protein nitrogen: 27 mg. per cent; 
blood sugar, 117 mg. per cent, basal 
metabolic rate, +42, Electrocardiogram: 
low Q, waves in Lead iii. 

Since the patient’s condition had im- 
proved quite markedly during the fifteen 
days she took Lugol’s solution before com- 
ing to tlie hospital, a subtotal thyroidectomy 
was performed shortly after hospital entry. 
The thyroid was twice normal size and both 
lobes were diffusely enlarged. No adenomas 
were present. Microscopic sections revealed 
changes characteristic of a diffuse toxic 
goiter. The patient’s postoperative course 
was uneventful. She was discharged on 
November 7, 1931, and advised to continue 
iodine therapy. 

For most of the sixteen years between 
her first and second admissions, the patient 


* From the Department"; of Internal Medicine and Pathology, Washington University School of Medicine and the 

Bames Hospital, St. Louis, Mo. 
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remained essentially well; ten months before 
her second entry she began to lose weight 
and at the end of six months had lost about 
30 pounds. She was seen by her physician 
who told her that she had “mild hyper- 
tension,” but the rest of the physical findings 
apparently were normal. A gastrointestinal 
series was said to have been negative; blood 
counts, an electrocardiogram, and the 
basal metabolic rate were also within 
normal limits. The patient, however, con- 
tinued to lose weight; her appetite failed 
and she vomited occasionally. One week 
before admission weakness became so pro- 
nounced that she had to remain in bed 
most of the time. Her appetite then com- 
pletely disappeared and she was able to 
take only small amounts of liquid. She slept 
most of the time and on the day prior to 
entry was almost totally unresponsive and 
incoherent, being unable to recognize her 
surroundings or acquaintances. During the 
week before entr^^ she vomited three or 
four times. She was admitted to the hospital 
on May 10, 1947. 

Physical examination at that time re- 
vealed a temperature of 36°c., pulse 94, 
respirations 14 and blood pressure 100/70. 
The patient was lethargic, incoherent and 
prostrated. When spoken to, she slowly 
turned her eyes in the direction of her 
questioner. The skin was inelastic and dry. 
There ^\’as marked evidence of weight loss. 
No abnormal pigmentation was seen. The 
pupils were equal and reacted to light and 
accommodation; tlie left pupil, however, 
was somewhat irregular. There was moder- 
ate nicking of the retinal vessels at the 
arteriovenous crossings and the left disc was 
not quite as well outlined as the right. No 
hemorrhages or exudates were seen. Ex- 
amination of the upper respirator^’- tract 
was not remarkable. The tongue was dry 
and the mouth was edentulous. Examina- 
tion of the neck was negative. The lungs 
were clear. The heart was not enlarged; 
the rhythm was regular and there ^^’■ere no 
murmurs but the sounds were rather 
mufilcd. The abdomen was soft but no 
organs or masses were felt. The legs were 


held rather rigidly and the fingers were 
flexed in a position which suggested mild 
carpospasm. The knee jerks, ankle jerks 
and abdominal reflexes could not be 
elicited. A suggestive Babinski sign tvas 
present on the right and a more definite 
one on the left. 

The laboratory findings were as follows; 
Blood count; red cells, 4,500,000; hemo- 
globin, 12.8 Gm.; white cells, 3,000; dif- 
ferential count: eosinophiles, 2 per cent; 
stab forms, 5 per cent; segmented forms, 
54 per cent; lymphocytes, 36 per cent; 
monocytes, 3 per cent. Urinalysis; albumin, 
l-b; sugar, negative; acetone, trace; sedi- 
ment, negative. Blood Kahn test: negative. 
Blood chemistry: non-protein nitrogen, 
21 mg. per cent; blood sugar, 87 mg. per 
cent; CO 2 combining power, 15.3 mEq./L; 
chlorides, 73 mEq./L; total protein, 4.4 Gm. 
per cent; albumin, 2.9 Gm. per cent; 
globulin, 1.5 Gm. per cent. X-ray films of 
the skull were indeterminate. An electro- 
cardiogram showed a P-R interval of .24 
seconds. 

The patient was given fluids parenterally 
and took some water by mouth. Early in 
the morning of the second day she com- 
plained of discomfort in the suprapubic 
region and on catheterization, 1,200 cc. of 
urine were withdrawn. At that time her 
blood pressure had fallen to 60/45. The 
patient was given an infusion of plasma to 
which adrenocortical extract was added. 
She also received 2,000 cc. of 5 per cent 
glucose in saline parenterally and 20 mg. 
of desoxycorticosterone acetate intramuscu- 
larly. Two-tenths of 1 cc. of epinephrine 
w'ere given subcutaneously and following 
the plasma and fluids she received 25 cc. 
of adrenocortical extract intraveously. Oxy- 
gen therapy by nasal catheter was begun. 
The patient’s blood pressure rose to 100/60 
and her lungs remained clear. She became 
incontinent of urine and stools and her tem- 
perature rose to 38°c. Several hours later 
she vomited dark material; she continued 
to be extremely listless. Follow'ing additional 
amounts of adrenocortical extract intra- 
venously, the patient’s blood pressure rose 
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to 110/65. On the aftern 9 on of the second 
day, however, it fell to 58/45 and the radial 
pulses became barely palpable. The patient 
was stuporous and her respirations were 
deep and stertorous. A lumbar puncture 
was performed and the spinal fluid was 
found to be entirely normal. A repeat white 
blood count showed 12,800 cells with 22 stab 
forms and 42 segmented forms. By 5 p.m. of 
tlie second day she was comatose. No 
clinical evidence of dehydration was present 
and re-examination revealed no pigmen- 
tation of tlie mucous membranes. She 
continued to receive intensive supportive 
therapy including plasma infusions, glucose, 
saline and adrenocortical extract. Despite 
these measures, however, early in the morn- 
ing of May 12, 1947, she exphed. Just 
before death her temperature was noted 
to be 38.8°g. 

CLINICAL DISCUSSION 

Dr. Harry L. Alexander: In this very 
interesting case the history is rather straight- 
forward. The patient, who had apparently 
been well most of her life, at the age of 43 
developed rather classical thyrotoxicosis and 
following thyroidectomy was well for the 
ensuing 15 years. The illness which led to 
her death was of approximately ten months’ 
duration, the patient’s final episode being 
characterized by prostration. Dr. Wade, 
would you care to open the discussion? 

Dr. Leo J. Wade: I should like to ask 
several questions which were not answered 
in the protocol. First of all, was this pa- 
tient’s menstrual history normal? ' Second, 
what do we know of her emotional stability? 
And third, were there any changes in hair 
distribution? 

Dr. Alexander: As far as is known, the 
patient’s menstrual history was not remark- 
able. She was, however, known to be a very 
emotional individual. Her hair distribution 
Was apparently normal. Why do you ask 
these questions, Dr. Wade? 

Dr. Wade: This patient apparently had 
multiple endocrine abnormalities and my 
questions were directed toward determining 
whether additional evidence of endocrine 
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inbalance was present. For example, it 
occurred to me that this patient may have 
had anorexia nervosa. In some respects the 
history suggests panhypopituitarism but the 
absence of menstrual difficulties and ab- 
normalities of hair distribution are against 
that diagnosis. One must certainly consider 
Addison’s disease which may give rise to a 
clinical picture such as was seen here. The 
relationship between the thyroid and the 
adrenal gland is indeed a complex one, 
and the effect of dysfunction in one may be 
reflected by changes in the other. I believe 
that this patient did not have Addison’s 
disease; I would favor anorexia nervosa. 

Dr. William H. Olmsted; There are a 
number of factors in the history which are 
strongly against the diagnosis of Addison’s 
disease. I do not remember a case of / 
terminal adrenal insufficiency in which 
both the non-protein nitrogen and the 
blood sugar were normal. Further it is said 
that during the course of her last illness she 
was found to have hypertension and a nor- 
mal basal metabolic rate. Both of these 
findings are uncommon in Addison’s disease. 

Dr. Alexander: I was informed that 
when this patient was seen about six months 
before entry, her systolic blood pressure was 
180, and one month before entry and thus 
approximately one month before death it 
was said to be 130. 

Dr. Olmsted: If the patient indeed had a 
blood pressure of 180 and, as was described 
in the protocol, she had evidence of retinal 
sclerosis, I would bring up the possibility 
of a cerebral vascular accident having been 
responsible for her terminal picture. 

Dr. Alexander: Dr. Olmsted, would you 
tell us what signs and symptoms you think 
are essential to the diagnosis of Addison’s 
disease? Are there any which you consider 
sine qua non for that diagnosis? Does the 
presence of hypertension enable one com- 
pletely to exclude adrenal insufficiency? 

Dr. Olmstep; It should be pointed out 
that when this patient entered the hospital 
she was semistuporous, and it is very diffi- 
cult often in that situation to obtain certain 
relevant information. Low serum chlorides. 
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exhibit diffuse pigmentation or increased 
amounts in tlie body creases or the mucous 
membranes. Some of them exhibit black 
freckles or moles only. 

Dr. MagBryde: I agree with you. Some 
patients widi proved Addison’s disease have 
only slight increase in pigmentation which 
may, as you point out, take the form of the 
occasional black freckles. If such patients 
are followed, as their disease progresses 
pigmentation may increase markedly. We 
have had one case of proven Addison’s 
disease in a redheaded man who had no 
abnormal pigmentation whatsoever. 

Dr. Alexander: If we assume that this 
patient did have Addison’s disease, I should 
like to ask Dr. Wade if he would tell us the 
current thought in regard to the etiology of 
this syndrome. How often is tuberculosis the 
cause of Addison’s disease? 

Dr. Wade: Opinion on that question 
varies from one series of patients to another. 
In general it is thought to be responsible for 
a large number of cases; in some series 
figures up to 90 per cent are given. Perhaps 
Dr. Robert Moore could tell us what the 
pathologists’ current view on this point is. 

Dr. Robert A. Moore: In one series of 
566 cases collected from the literature the 
incidence of tuberculosis of the adrenals 
was about 70 per cent.^ 

Dr. Alexander: In Dr. Thorn’s large 
series the majority were non-tuberculous. 
On the other hand if one considers the 
collective series which Dr. Moore has just 
reported, one might raise the question as to 
whether patients with Addison’s disease 
should be given streptomycin empirically. 
We are very fortunate in having Dr. W alsh 
McDermott of the Department of Medicine 
of the Cornell Medical School here today. 
He has had a substantial experience in the 
treatment of tuberculosis with streptomycin 
and I would like to ask him to comment on 
this point. 

Dr. Walsh McDermott: We have 
recently seen one patient with Addison’s 

^ Guttman, P. H. Addison’s disease. A statistical 
analysis of 566 cases and a study of the pathology. Arch. 
Path., 10: 742, 895, 1930. 
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disease who developed a cold abscess of the 
psoas muscle without apparent involvement 
of bone. The adrenal insufficiency was con- 
trolled by the usual measures; although we 
did not think that we would either influence 
its course or that of the psoas abscess, we 
treated the patient with streptomycin. We 
employed the same regimen which we 
would use in the treatment of tuberculous 
empyema, that is, both systemic and local 
streptomycin. For several months the anti- 
biotic exhibited a favorable effect on the 
abscess but subsequently the lesion flared 
up and showed no response to further 
streptomycin therapy. No change in the 
course of the Addison’s disease was seen. 
One could have predicted that no change 
would be noted; since by the time the 
clinical syndrome of adrenal insufficiency 
had appeared, it is quite likely that so much 
adrenocortical tissue has been destroyed 
that even if the tuberculous lesions would 
respond completely little clinical improve- 
ment in the adrenal insufficiency would be 
obtained. It is conceivable that the course 
of very early Addison’s disease due to 
tuberculosis might be favorably influenced 
if an agent is developed which is as effective 
against the tubercle bacillus as penicillin 
is, for example, against the hemolytic 
streptococcus. 

Dr. Alexander: Dr. Futcher, adreno- 
cortical insufficiency may appear in endo- 
crine disorders other than Addison’s disease. 
Are there any differences in the chemical 
findings in adrenocortical insufficiency per se 
or in that seen in Simmonds’ disease? 

Dr. Palmer H. Futcher: I Think that 
crisis is much more common in Addison’s 
disease than it would be in Simmonds’ 
disease with mild adrenal insufficiency. I 
believe that this patient’s course was typical 
of classical Addison’s disease. 

Dr. Alexander: Isn’t the finding of a 
normal N.P.N. unusual in a patient only 
two days from death due to adrenal 
insufficiency? 

Dr. Futcher: I agree that it is most 
unusual; commonly it is elevated, reflecting 
changes in the kidneys secondary to de- 
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have had some nephrosclerosis because there 
is a history of hypertension and slight eye- 
ground changes. Experimentally, the ad- 
renals and many other organs as well are 
necessary for the maintenance of hyper- 
tension; clinically they must likewise exhibit 
normal function for maintenance of high or 
normal blood pressures. 

Dr. Alexander: Do I infer from your 
last remark that you think that the adrenal 
medulla may be of importance in this aspect 
of the disease? 

Dr. Schroeder; No, I believe that the 
hypotension of Addison’s disease reflects 
cortical destruction although even hyper- 
tensives, who become extremely ill and 
debilitated, may have normal or even low 
pressure witliout adrenal cortical atrophy. 

Dr. Alexander: "Wliat is the explanation 
for the postural hypotension often seen in 
Addison’s disease? 

Dr. Schroeder:- It may be due either to 
reduced blood volume or to the relaxed 
state of the arterioles. When these patient’s 
are treated with DCA, the blood pressure 
rises and may reach true hypertensive levels. 
Dr. Perera in New York studied a number 
of patients with Addison’s disease and found 
that with DCA and salt the blood pressure 
could be raised to rather high levels in about 
half of them.® We have had a similar 
experience here. 

Dr. Alexander: Dr. Massie, what do 
you think the heart will show in this case? 

Dr. Edward Massie; In patients with 
Addison’s disease the heart is characteris- 
tically small; but if this patient really had 
had hypertension previously and some 
vascular disease, her heart may be normal 
in size or even slightly enlarged. 

Dr. Alexander: Dr. Wood, do you have 
any comments to make? 

Dr. W. Barry Wood, Jr. ; Dr. MacBryde 
showed several years ago that there is 
danger attached to giving patients with 
Addison’s disease largea mounts of DCA 
without potassium, for under such circum- 

' PererAj G. H., Knowlton, A. I., Lowell, A. and 
Loeb, R. F. Effect of DOGA on the blood pressure of 
man. J. A. M. A., 125- 1,030, 1944. 
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stances the blood potassium may be lowered 
to a point where definite cardiac damage 
occurs. It has been shown experimentally 
that animals given potassium-deficient diets 
develop cardiac lesions. In this particular 
case the fact that the patient failed to re- 
spond to rather adequate treatment makes 
me wonder whether she did not have a very- 
active tuberculous lesion. It seems to me 
that in most patients whose Addison’s 
disease is in its first crisis, treatment of this 
order would produce a favorable response. 

Dr. Alexander; Your point is well taken. 
Dr. Futcher, I believe you saw this patient. 
Would you comment on her therapy? 

Dr. Futcher: In retrospect, it is con- 
ceivable that this patient should have re- 
ceived even larger doses of adrenocortical 
extract and of fluids than she was given. 
However, as Dr. Robert Loeb has pointed 
out, there are patients with Addison’s 
disease who may, when in crisis, not exhibit 
severe electrolyte and carbohydrate in- 
balances but who, despite adequate therapy, 
die in shock. There are certainly many 
factors which govern the response, in a 
given case, to treatment of Addisonian crisis. 

Dr. Alexander; Are there any questions? 

Student: Was the prolonged P-R interval 
peculiar to Addison’s disease or does it 
represent a potassium effect? 

Dr. Massie: The finding of delayed 
auriculoventricular conduction as evidenced 
by a P-R interval of 0.24 seconds is not 
uncommon in a patient who is in shock. 

Student: Can one postulate the reactiva- 
tion of latent tuberculosis on the basis of the 
iodine therapy following thyroidectomy? 

Dr. McDermott: There is insufficient 
evidence at the present time to answer that 
question. In this patient, however, the 
iodine had been given some fifteen years 
before her terminal episode and it seems 
most unlikely that it was of importance. 

Student: Was there any explanation of 
the neurologic findings which this patient 
exhibited? 

Dr. Alexander: That is a very good 
question. Dr. MacBryde, are there specific 
neurologic lesions in Addison’s disease? 





Fig. 1. Edge of tuberculous lesion of the adrenal with Fig. 2. Partially necrotic granulomas of tuberculosis 

an adjacent small number of persistent cortical cells. in the adrenal gland. The stroma of the gland is 

extensively destroyed and replaced by fibrous tissue. 



Fig. 3. Edge of a tuberculous granuloma with typical Fig. 4. Changes in the thyroid present sixteen years 

necrosis, fibrosis and giant cells. Acid-fast bacilli were after subtotal thyroidectomy. The infiltration of 

identified in similar sections. lymphocytes and moderate storage of colloid are the 


most prominent features. 

Hashimoto’s disease in that there is a great coronary insufficiency inasmuch as there 
increase of lymphoid tissue between the was a moderate to advanced degree of 
lobules of the thyroid. There is a moderate coronary arteriosclerosis. The other possi- 

increase of such tissue in this section but the bility is, of course, that this change might 

acini of the thyroid vary greatly in size. have resulted from the episode of hyper- 

There is moderate storage of colloid. As thyroidism, inasmuch as the administration 

lymphocytic infiltration and the formation of thyroid substance to animals will lead to 

of lymphoid tissue also occur in the thyroid foci of necrosis in the heart muscle. That 

gland in hyperplasia assoeiated with hyper- ' possibility seems to me unlikely since the 
thyroidism, I am unable to decide whether hyperthyroidism had occurred so many 

the anatomic -changes in this instance repre- years before the patient died of Addison’s 

sent the residuum from old hyperthyroidism disease. 

or whether they are part of Addison’s The last illustration (Fig. 6) is from the 
disease. Certainly they are quite consistent liver. It is incidental to the case but demon- 

with the changes that I have seen in strated very well the appearance of the liver 

Addison’s disease. ' after a patient has received large amounts 

In Figure 5 a section of the myocardium of glucose. There is a large amount of 

is seen whieh shows the focal fibrosis present glycogen in the liver cells which gives the 

in the sites described grossly. This change bytoplasm a reticulated, almost vacuolated 

in the heart was probably the result of appearance. In many places the nuclei 
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Coarctation of the Aorta* 

E. R. HayeSj m.d. and H. M. Stauffer, m.d. 
A'fw?jeapolis, Mitmesoia Philadelphia^ Pennsylvania 


AT this time when such remarkable 

/% strides are being made in vascular 
1 V and cardiac surgery, it seems de- 
sirable to report a case of coarctation of the 
aorta which was found in a man aged 
seventy-two years. This case is particularly 
interesting because of the characteristic 
x-ray findings which are discussed in some 
detail. 

No attempt is made to review the exten- 
sive literature on this subject; however, it 
is worth noting that in 200 cases collected 
from the literature by Abbott^ in 1928 only 
two patients were over seventy years of age. 

CASE REPORT 

O. S., a seventy-two year old white man was 
admitted to the University Hospital on April 5, 
1948, complaining of shortness of breath and 
swelling of his feet and ankles. The present ill- 
ness began two years prior to admission with a 
severe coughing spell which came on suddenly, 
lasted for several hours but produced no blood 
or sputum. The patient had been working daily 
until the time of onset; there was no unusual 
physical exertion associated with the coughing 
spell. His physician was consulted and he ad- 
vised bed rest for six weeks. The patient was 
asymptomatic at rest but when he resumed 
activity he noted dyspnea. There had been a 
gradual aggravation of dyspnea with develop- 
ment of orthopnea during the past two years. 
For the past eight months he had not been able 
to walk more than a block at a time and had had 
ankle edema. 

He had been on a restricted salt intake, i.e., 
reduction in the amount of salt used in preparing 
food, but had eaten ordinary bread and butter. 
He had received 3^ tablet of digitalis daily for 
the past two years and during the eight months 
prior to admission had received a mercurial 
diuretic about once a week. 


At the age of twenty-two he had been refused 
life insurance because of an “enlarged heart” 
and hypertension. He had had the usual child- 
hood diseases and had had a subtotal gastric 
resection in 1943 because of a benign pyloric 
ulcer. At the time of surgery notching of the 
ribs and cardiac enlargement had been noted 
on x-ray examination and the diagnosis of 
coarctation of the aorta was suggested. He had 
recovered satisfactorily from his surgery and 
had been able to eat a relatively adequate diet. 
The family history and review by systems were 
non-contributory except as noted above. 

Physical examination revealed the tempera- 
ture to be 98.8°f., pulse 85, respirations 20. The 
pupils were equal and reacted to light and 
accommodation. The optic fundi showed only 
very minimal arteriolar sclerosis without spasm. 
The remainder of the examination of head and 
neck showed nothing abnormal. Large, tortu- 
ous, pulsating blood vessels were noted about 
both scapulae. The lungs revealed moist rales 
at both bases. Blood pressure was 180/110 in 
arms and 130/85 in legs. The left border of the 
heart was at the anterior axillary line in the fifth 
and sixth interspaces. No thrills were noted. 
There was a presystolic gallop rhythm at the 
apex with a soft systolic murmur. A well healed 
upper abdominal surgical scar was noted. Liver, 
spleen and kidneys were not palpable. No other 
abnormalities were noted. The prostate was 
slightly enlarged, smooth and non-tender. There 
was pitting edema of ankles and legs. Femoral 
pulsations were noted but popliteal and dorsalis 
pedis pulsations were absent. 

Urinalysis revealed a specific gravity of 1.024; 
normal chemically and microscopically. Hemo- 
globin was 13.9 Gm.: white blood cells 10,200 
with 63 per cent neutrophiles; blood urea 
nitrogen 20 mg. per 100 cc.; serum albumin 
4.0 Gm. and serum globulin 2.2 Gm. per 100 cc.; 
the Kline test was negative; venous pressure ^vas 
12.7 cm. of citrate in arms; vital capacity 2.8 L. 
(63 per cent of expected normal). An electro- 


* From the Departments of Medicine and Radiology, University of Minnesota, Minneapolis, Minn. 
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Fig. 1. Frontal view of chest July 19, 1943. Upper 
arrow: dilated proximal portion of left subclavian 
artery. Lower arrows; left border of descending aorta. 
Note left ventriculai enlargement of heart and marked 
notching of inferior surfaces of ribs. 

cardiogram showed frequent ventricular extra- 
systoles and a left bundle branch block, a find- 
ing which had been present in 1943. 

An x-ray (Fig. 1) taken on July 19, 1943, 
showed moderate cardiac enlargement with 
prominence of the left lower pole of the sil- 
houette indicating left ventricular enlargement. 
The convexity of the ascending aorta was just 
visible along the right mediastinal contour but 
the prominence was insufficient to indicate 
significant enlargement of the ascending aorta. 
Along the left upper mediastinal contour there 
was a rounded projecting soft tissue shadow at 
the level where the aortic knob is normally 
found. The pulmonary artery shadows appeared 
normal. The waist-line of the heart along the 
left border was rather deep, and just within the 
cardiac contour at the level of the waist-line a 
second contour was visible suggesting descending 
aorta. This contour at its upper margin made 
a rather deep notch with the shadow of the pro- 
jection which was presumed to represent aortic 
knob. Very extensive notching of the inferior 
aspects of the posterior portions of the lower ten 
ribs bilaterally could be visualized. 

Fluoroscopic examination and chest films of 
April 6, 1948, showed marked increase in the 
size of the heart, again predominantly involving 
the left ventricle. There was at this time eleva- 
tion of the soft tissue zone at the left base with 



Fig. 2. Left anterior oblique view of chest April 6, 
1948. .Arrows point to notched shadow possibly 
lepresenting narrowing at isthmus of aorta with 
dilated subclavian artery above. Note poor visualiza- 
tion of transverse portion of the aortic arch. 


evidence of pleural effusion laterally, and a left 
lateral decubitus film demonstrated that the 
increased soft tissue zone at the left base repre- 
sented partially loculated pleural fluid over the 
surface of the diaphragm. There was also a small 
right pleural effusion. The findings with respect 
to the rib notching and the upper cardiac and 
mediastinal contours on the left side were un- 
changed, the appearance still suggesting the 
presence of a rather prominent aortic knob. 
Examination in the left anterior oblique view 
(Fig. 2) revealed a lack of visibility of the trans- 
verse portion of the aortic arch. In this same 
left anterior oblique view there was a suggestion 
of a notched soft tissue shadow superimposed 
on the outline of the spine at a level correspond- 
ing rather closely with that expected for the 
isthmus of the aorta. This last finding ^\'as not 
definite and perhaps ^vithout significance al- 
though the position of the shadow suggested 
that it might represent the narrowed isthmus 
with the dilated subclavian above. 

The patient was placed upon a diet which 
contained less than 1 Gm. of salt per day and 
the digitalis was increased until the patient ex- 
hibited the early symptoms of digitalis toxicity. 
In the course of a week the patient lost 9 pounds 
in weight (from 154 to 145), the rales in his lungs 
disappeared and dyspnea was no longer evident. 
The vital capacity rose to 3.41 L. (80 per cent) 
and venous pressure fell to 6.2 cm. of citrate. 
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He was completely ambulatory at the time of 
discharge from the hospital. He was instructed 
to continue on the low salt diet and to take 
0.2 mg. of digitoxin daily. 

COMMENT 

This case seems worthy of report because 
of several interesting findings. In a man who 
had had significantly elevated blood pres- 
sure for fifty years, the changes in the vessels 
of the optic fundi were minimal or even 
“within normal limits for the patient’s age,” 
as reported by the ophthalmologist. This 
would seem to lend support to the theory 
that the vascular changes in the optic fundi 
as seen in essential hypertension are the 
product of more than the elevated blood 
pressure. 

The fact that this patient attained an age 
of seventy years before he was embarrassed 
by a failing heart might lend support to'' the 
theory that these patients get along well 
until some other factor is added which leads 
to heart failure. In this particular case one 
might as well attribute the heart failure to 
arteriosclerotic heart disease as to coarcta- 
tion, One might also theorize as to varying 
degrees of coarctation and believe that this 
represented a low degree of aortic obstruc- 
tion. However, the degree of collateral 
circulation established would argue against 
such a hypothesis. 

Two of the common clinical findings in 
coarctation of the aorta were not demon- 
strable in this patient, namely, the basal 
systolic murmur and absent femoral pulsa- 
tions, yet the findings dependent upon 
collateral circulation were very apparent. 
It is possible that the low position of the 


aortic arch might explain the absence of the 
typical basal systolic murmur. 

The rib notching in this case was quite 
extensive and pronounced and was entirely 
characteristic of coarctation of the aorta. 
The shadow suggesting a prominent aortic 
knob in the presence of definite clinical and 
roentgen evidence of coarctation is of inter- 
est since one of the usually helpful roentgen 
signs is the inconspicuousness of the aortic 
knob. In the present case visualization of 
the shadow of the left border of the descend- 
ing aorta well within the heart border was 
taken as evidence that the upper vascular 
projection was actually the dilated proximal 
portion of the left subclavian artery. Gladni- 
kofP has recently called attention to this 
finding in cases of coarctation of the aorta 
and also has attributed the poor visibility 
of the transverse portion of the aortic arch 
in the left oblique view to shortening and 
downward or medial retraction of the aortic 
arch. 

SUMMARY 

A report is made of a case of coarctation 
of the aorta diagnosed in a man aged 
seventy-two years by clinical vascular find- 
ings and x-ray evidence. This patient has 
lived an active life despite signs of right and 
left ventricular failure. He responded well 
to ordinary treatment for congestive failure. 
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Regional Enteritis Complicated by 
Pylephlebitis and Multiple Liver Abscesses* 

Frederic W. Taylor, m.d. 

Indianapolis, Indiana 


T he usual and expected compliea- 
tions of regional enteritis are vary- 
ing degrees of .intestinal obstruction, 
local abscesses, perforation, fistulas and 
frequent bowel dysfunction with its attend- 
ant inanition and anemia. Recently a 
patient with this disease was studied at the 
University Hospitals. She died one month 
following operation with the complications 
of pylephlebitis and liver abscesses. The 
writer has never observed this complication 
and has been unable to find any such reports 
in the literature. A brief recording of the 
salient features of this case therefore seems 
warranted. 

On refleetion it seems strange indeed that 
pylephlebitis and liver abscesses are not fre- 
quently a terminal event in patients suc- 
cumbing to regional enteritis. Certainly the 
stage is all set for such a complication, 
namely, a diseased bowel wall which has 
been invaded to the point of perforation by 
all manner of intestinal bacteria, a thick- 
ened inflamed mesentery which on occasion 
contains actual abscesses and general de- 
bility predisposing to any overwhelming 
infection. 

This unusual complication makes inter- 
esting speculation. Possibly its rarity is due 
to the fact that the infection is a chronic one 
in which the body has ample opportunity 
to throw up local barriers as well as to pro- 
duce a certain amount of systemic im- 
munity. Whatever the reason, it is not the 
purpose of this communication to attempt 
an answer. 

CASE REPORT 

F. S. (XL 80925) was a white American 
woman of thirty-seven who was first admitted 


to the University Hospitals in July, 1944. Her 
complaint was diarrhea of nine months’ dura- 
tion, epigastric cramps and nervousness. On 
this admission there were no positive findings 
except for a draining perirectal abscess. Labora- 
tory findings were within normal range and no 
significant organisms were identified in stool 
cultures. 

The second admission was in July, 1945, 
because of diarrhea, abdominal cramps, blood 
in the stool and a 40 pound weight loss since 
the onset of illness. Again findings w’cre negative 
except for a low serum protein (5 Gm. per cent), 
a rectal fistula and occasional blood in the stool. 
X-ray study of the chest, esophagus, stomach, 
duodenum, terminal ileum and colon were 
negative. The patient improved on symptomatic 
care and was allowed to go home only to be 
admitted a third time one month later for 
excision of the rectal fistula. Pathologic study 
of this revealed only chronically inflamed 
granulation tissue. A second stage of the fistula 
operation was done on the fourth admission in 
November, 1945. 

In December, 1946, the patient was admitted 
for the fifth time, still complaining of gas pains, 
diarrhea and occasional vomiting. Laboratory' 
studies again were negative except for a moder- 
ate anemia. Further x-ray studies were made 
and these demonstrated a terminal ulcerative 
ileitis and probably ulcerative colitis. Attempts 
were made to improve the patient’s physical 
condition by means of diet and transfusions. 
This was partially successful. Sulfasuxidine was 
started one week prior to contemplated surgery. 
Complete intestinal obstruction was never a 
threat in this woman although at times she 
became moderately distended. 

On January 31, 1947, the abdomen was 
explored through a right lower rectus incision. 
The terminal 2 feet of ileum presented the 
typical picture of the acute phase of regional 


From the Department of Surgery, Indiana University School of Medicine, Indianapolis, Ind. 
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riG. 1. Fibiosis and edema of terminal S^oup of cells to the 

minute abscesses ^vere found toward the base of the mescnter> ^n 

right is hyperplastic lymphoid tissue. jj areas of inflammatory cell mhltra- 

Fig. 2. Portal vein completely blocked with thrombus. In the vein 


non and actual suppuration. 

enteritis. The gut wall was greatly thickened by 
a brawny edema. The rope-like portion of the 
bowel seemed to have practically no lumen, its 
supporting mesentery was very thick, edematous 
and shortened. The disease stopped abruptly at 
the cecum and no abnormalities were noted m 
the ascending or transverse colon. Proximally the 
disease gradually decreased in intensity unri t e 
ileum appeared normal at a distance o ee 
from the cecum. At this point the ileum was 
joined to the transverse colon by a simple side- 
to-side anastomosis, giving a inch stoma. 
This was done in an anti-peristaltic irection 
and without dividing the distal ileurn to exclude 
it from the circuit. Because of the patient s rat er 
critical condition no thought was given ^ ^ 
possibility of a resection of the diseased gut. 
lymph node removed from the mesentery ° ^ ^ 
ileum demonstrated only hyperplasia an 
chronic inflammation. , 

The postoperative course was exceptiona y 
smooth with considerable improvement m a 
dominal pain and discomfort. Moderate lar 
rhea continued. The patient showed steady 
progress so that she was discharged on t e 
twentieth postoperative day (February > 
1947), in fair physical condition. 

Six days later this patient returned complain- 
ing of vomiting and recurrence of severe 
diarrhea. She appeared quite ill, with a tem- 
perature of 102 °f. The white blood count was 
17,500 with 91 per cent polymorphonuclears; 
the urine was loaded with pus cells. There was 


ight diffuse abdominal tenderness and disten- 
on. Lacking a definite diagnosis the patient 
•as treated symptomatically with transfusions 
nd intravenous fluids as indicated by oo 
ndings. Her course was progressively down- 
ill She became comatose on the second day 
fter admission and a definite icteric tint to the 
kin became apparent two days ^^ter T 
aundice deepened and numerous petechial 
.emorrhages were noted about the neA. 
>enicillin and sulfadiazine were given em- 
,erically with clearing of the urinary tract 
nfection and lowering of the temperature o 
)9° to 100°F. The patient, however, became 
Tiore comatose, dyspneic and jaundiced. 

She died March 6, 1947, with an elevated 
total non-protein nitrogen, dependent edema 
and edema of lungs with pleural effusion. Death 
occurred thirty-four days ^^er operation an 
fourteen days after she was thought to have 
made a satisfactory postoperative convalescence 
and was discharged from the hospital. 

At autopsy (L2094) the condensed, pertinent 
findLgs werVas follows: The abdomen con- 
tained approximately 1,500 cc. of clear bile- 
stained fluid. The ileotransverse colostomy was 
well healed with an ample stoma. Fibrosis an 
edema of the terminal ileum showed no toge 
over that seen at operation. (Fig. 1.) Micro- 
scopically, numerous abscesses 
strated in the thickened mesentery of the ileum. 
Also noted were mesenteric veins containing 
thrombi. These thrombi could be traced upward 
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Fic. 3. Liver abscess; pus is surrounded by loose granu- 
lation tissue. Degenerative changes in the liver cells 
on the right arc representative of those found through- 
out this organ. 

through the superior mesenteric vein into the 
portal vein. Here microscopic sections demon- 
strated a suppurative pylephlebitis. (Fig. 2.) 

The liver was yellowish brown and weighed 
2,150 Gm. The cut section demonstrated many 
small abscesses containing a watery, gray pus. 
(Fig. 3.) From one or more of these hepatic 
abscesses pus had burrowed inside the falciform 
ligament, down to the anterior abdominal wall. 
Culture of the pus revealed a variety of organ- 
isms. (E. coli, non-hcmolytic streptococcus, 
diphtheroids). These, of course, were secondary 
invaders forming an ascending infection from 
the gut to the liver. Ulcerations were present in 
the mucosa of the ileum. Undoubtedly the 
bacteria gained access to the venous channels 
by this route. Why the tissue invasion should 
have occurred in this particular manner was not 
explained by the postmortem examination. 

The lungs demonstrated a rather extensive 


terminal hypostatic bronchopneumonia. The 
kidneys were normal except for mild tubular 
degeneration. Other organs including the brain 
were not remarkable. 

SUMMARY 

A ease of regional enteritis ending in 
pylephlebitis and multiple liver abscesses 
is here briefly recorded. 

The writer has never seen such a com- 
plication and has been unable to find the 
record of a similar case. It is difficult to 
understand why this termination does not 
occur frequently in view of the lesion site 
and its potentialities. It is suggested that 
one reason for this rarity may be that the 
disease is fundamentally a chronic one 
allowing local tissue barriers as well as 
systemic immunity to play an important 
role. 

Just when the pylephlebitis and the liver 
abscesses appeared in this case cannot be 
accurately determined from the patient’s 
course or from the pathologic sections. It 
seems possible that tlie operative trauma 
was sufficient to initiate the terminal event. 
Since abscesses were demonstrated in the 
mesentery at tlie postmortem examination, 
it seems possible that these may have broken 
through their natural confines during the 
final operation, giving rise to liver abscesses. 
The liver abscesses on tissue section ap- 
peared to be at least several weeks old. 
The thrombosis of the portal vein, of course, 
was a terminal episode. 
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Hemophilia in Twins* 

Armand J. Quick, m.d. and James P. Conway, m.d. 
Milwaukee^ Wisconsin 


■^HE occurrence of hemophilia in 
twins is of special genetic interest. 
The appearance of the disease in 
one or both twins has been observed by 
various investigators who have gathered 
statistics on hemophilic families. Skold^ in 
his study of sixty affected families in Sweden 
found four sets of twins in two of which the 
disease occurred in both boys. The author 
does not state whether these were identical 
(enzygotic) or fraternal (dizygotic). In a 
third set the boy was a bleeder while his 
sister was normal, but the potentiality of 
being a carrier remained undetermined. 
The fourth twins were girls both of whom 
were carriers since each had hemophilic 
offsprings. Again no mention is made 
whether they were enzygotic. Birch* in her 
series of seventy-five hemophilic families 
found three sets of twins. In one the boy 
was a bleeder and the sister normal, with 
the possibility of being a carrier. In another 
set one boy was normal while the twin 
brother was a severe bleeder who died of 
internal hemorrhage in early childhood. 
The third twins in the series were identical 
or enzygotic. Both had the same blood 
grouping and ran similar clinical courses. 

It is logical to expect that in identical 
twins both should inherit the defect. The 
following case history is therefore not only 
interesting but also mystifying. 

CASE REPORT 

A normal mother with a negative family 
history of bleeding gave birth to twins, D. S. 
and T. S., March 31, 1942. The two boys were 
very similar in appearance and the mother re- 
members being told that there was only one 
placenta. Unfortunately this was not recorded 
on the hospital chart. Both boys were circum- 
cised when a week old. T, S. had no abnormal 


bleeding and left the hospital with his mother 
two days later. D. S, had severe bleeding follow- 
ing the operation and required a transfusion of 
75 cc. of fresh blood before the hemorrhage was 
controlled. The coagulation time (procedure not 
specified) was two and one-half minutes. 

Up to the age of three, D. S. had no serious 
hemorrhages, but it was observed that he 
bruised easily and developed marked swelling 
from trivial bumps. His brother (T. S.) at no 
time showed any bleeding tendency. When he 
was three years old, D. S. was studied by Dr, 
Frederick Madison and one of us (A. J. Q.) on 
March, 1945. The following findings were 
obtained: 


Red blood cells. 

1 

4,160,000 

Clotting time of recalci- 
fied plasma (3) 

White blood cells. 

6,800 

1 

1 

After low centrifugation 
— 210 sec. 

Hemoglobin 

12 Cm. 

After high centrifugation 
— 225 sec. 

Platelets 

112,000 

Prothrombin (100%) 12 
sec. 

Bleeding time .... 

Coagulation time 

3 min. 

1 

1 Ascorbic acid — 2 mg. per 

1 1 00 cc. of blood 

(Lee- White). . . . 

1 5 min. 

i 

i 

Clot retraction — within 

1 hr. 

1 


These results were inconclusive and did not 
permit a definite diagnosis of hemophilia; but 
two months later when a definite hemorrhagic 
episode occurred with bleeding into his groin 
and left thigh, positive findings were obtained: 


Coagulation time (Lee-White) 10 min 

Coagulation time of recalcified plasma 

After low centrifugation 180 sec. 

After high centrifugation 360 sec. 

Prothrombin (100%) 12 sec. 


From then on his clinical course has been 
typical of hemophilia. At one time he bled pro- 
fusely from a small cut on his tongue. At another 
time he had a hemorrhage into his right knee. 
He has never had nose bleeds, an observation 



* From the Department of Biochemistry, Marquette University School of Medicine and Milwaukee Children’s 
Hospital, Milwaukee, W^is. This work was supported by a grant from the United States Public Health Service. 
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which is not surprising since many hemophilics 
never have epistaxis. 

His bleeding episodes appear to be cyclic and 
often are initiated by prodromal manifestations. 
This is particularly well illustrated by the 
following incident: For no accountable reason 
he suddenly began to feel listless and complained 
of being unusually tired. Following this he lost 
his appetite and two days later began vomiting 
and complained of pain in the abdomen with 
localization over McBurney’s point. This neces- 
sitated making a diagnosis of acute appendicitis 
although the possibility of abdominal hemor- 
rhage was recognized. The decision to operate 
was made. He was given 300 cc. of lyophilized 
plasma intravenously. The transfusion was 
started an hour before the operation and com- 
pleted during the operation. The appendix was 
found normal but there was a retroperitoneal 
hemorrhage behind the cecum. The appendix 
was removed and special care \vas taken to tie 
off all bleeders. No unusual bleeding was en- 
countered. The administration of plasma defi- 
nitely improved the hemostatic property of his 
blood as shown by the prothrombin consump- 
tion test.’*'* The time was eleven seconds before 
the transfusion and t\venty-one seconds after he 
received the plasma. Two and one-half days 
after the operation it was still twenty-one 
seconds and the coagulation time (Lee-\Vhite) 
seven and one-half minutes. Twenty-four hours 
later, however, the prothrombin consumption 
time was eleven seconds and he was bleeding 
into his incision. He was given 250 cc. of fresh 
blood. The prothrombin consumption time 
immediately increased to twenty-five seconds, 
hemorrhage was controlled and he had no 
further bleeding. 

He had another unusual bleeding episode. 
As the result of a cold he developed a severe 
cough. Apparently from strain he ruptured a 
small vessel in the anterior neck and bled into 
the mediastinum' this was verified by roentgeno- 
logic examination. He tvas given a transfusion 
of 250 cc. fresh whole blood. The prothrombin 

* The prothrombin consumption test consists in allow- 
ing blood to coagulate and then determining the pro- 
thrombin remaining unconverted in the serum. The test 
IS carried out as follows: 0.1 cc. of human oxalated 
plasma treated with calcium phosphate (which serves as 
the source of fibrinogen) is mixed with 0.1 cc. of thrombo- 
plastin and 0.1 cc. of 0.02 M calcium chloride. To this 
mixture, 0.1 cc. of serum is rapidly added from a pipette 
and the formation of a clot accurately timed. Normal 
blood has a prothrombin consumption time of sixteen to 
thirty-five seconds, whereas hemophilic plasma has a 
value varying from nine to twelve seconds. 


consumption time before the transfusion was ten 
and one-half seconds and sixteen and one-half 
seconds after the blood was given. 

While D. S. is a typical hemophiliac, his twin 
brother is entirely normal. There is evidence 
that they arc identical twins. Some of the 
similarities are: 



D. .S. 

T. S. 

Eyes 

Hazel brown 

Hazel brown 

Nose and cars . . 

Same shape and size (including type 
of ear lobe) 

Hair. . 

Very dark brown ] Very dark brown 
Same type whorl and identically 
located 

Height ... 

48J^ in. 

Aiyi in. 

Weight 

48 lb. 

46 lb. 

Blood grouping. 
Probable genetic 

A, MN Rho' 

Ai MN Rho'* 

pattern . ... 

Mothers blood 
grouping— 

BM Rho' 

CDc/CDe 

(CDc/CDc) 

1 

CDe/CDe 


* Wc arc indebted to Dr. Tibor J. Grecnwalt and the 
Junior League Blood Center of Milwaukee for these 
studies. 


The coagulation studies of the family were: 



D S 

T. S. 

Father 

Mother 

Coagulation tunc (Lcc»\\ hitc) 

131J 


6 

5 min 

Coagulation tunc of recalcificd 
plasma 

After high ccninfugauon 

After low centrifugation 
Prothrombin time 

600 

210 

mi 

135 

105 

12H 

mi 

sec 

sec 
12>2 «:cC 

Prothrombin consumption time 
After 1 hr 

11 

19 

20 

18 see 

After 4 hr 

12 

23 

25 

23 sec 


After mixing 1 cc. of D. S. blood with 1 cc. of 
his brother’s a coagulation time of six minutes 
resulted and the prothrombin consumption 
time was twenty seconds in one hour. 

COMMENT 

From the data presented it is clear that 
one twin is a typical hemophiliac whereas 
his brother is entirely normal. All the evi- 
dence obtainable strongly indicates that 
these boys are identical twins. Their blood 
types are exactly the same. They are very 
similar in appearance. (Fig. 1.) The hemo- 
philic boy is a little taller and heavier 
which his mother attributes to the greater 
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amount of rest he receives. The color of the 
eyes and the shade of their hair are identical 
and even such details as the type and loca- 
tion of the' whorl of their hair completely 
match. There is a similarity of their finger 
prints, but these have not been studied 
thoroughly. If it were not for the finding 
that one is a bleeder and the other normal, 
one would unhesitatingly classify them as 
enzygotic. Assuming that they are identical 
twins, one is at a loss to explain how one 
has the characteristic defect of true hemo- 
philia while the other escaped this inborn 
error in the blood. 

Since the family history as far as it is 
obtainable is negative, the simplest ex- 
planation would be to postulate a mutation 
in the affected twin and class him as a 
sporadic hemophiliac. But one must be 
extremely cautious in calling any case 
sporadic in view of the insidious heredity 
pattern of the disease. If it were common 
for -this disease to originate de novo, one 
would expect an incidence in the negro 
approximating that of the white race. Yet 
it is doubtful whether true hemophilia has 
ever been unequivocally demonstrated in 
a person of pure negro ancestry. It must be 
emphasized that the diagnosis of hemophilia 
was never conclusive until the development 
of recent methods particularly the pro- 
thrombin consumption test, and that ac- 
quired hemophilia-like disease®’® and the 
hereditary types of congenital hypopro- 
thrombinemia'^ closely resemble true hemo- 
philia clinically, and are also characterized 
by a prolonged coagulation time. 

In view of these considerations no attempt 
will be made to explain the paradoxical 
occurrence of hemophilia in only one of 
presumably identical twins. The purpose of 
this paper is merely to present this unusual 
observation, since with the accumulation of 
such diverse findings more light may be shed 
on the peculiarities of inheritance. 

SUMMARY 

The history, clinical and laboratory 
findings are presented of a hemophilic boy 
who is one of presumably identical twins. 
His brother is entirely normal. 
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Fig. 1. D. S., the hemophilic twin, is on the left.^Duc 
to hematomas, particularly of the forehead, and’sear- 
ring about the mouth, the facial features have',; been 
somewhat changed. Consequently the similarity in 
appearance of D. S. and T. S. is not as striking as is 
often observed in identical twins. 


REFERENCES 

1. Skold, E. On hemophilia in Sweden and its treat- 

ment by blood transfusion. Acta med. Scandinav., 150: 
247, 1944. 

2. Birch, C. L. Hemophilia: Clinical and Genetic 

Aspects. Illinois Medical and Dental Monograph, 
No. 4, University of Illinois, 1 937. 

3. Quick, A. T. The diagnosis of hemophilia. Am. 7. AI. 

Sc., 190: 469-474, 1935. 

4. Quick, A. J. Studies on the enigma of the hemostatic 

dysfunction of hemophilia. Am. J. M. Sc., 214: 
272-280, 1947. 

5. Madison, F. W. and Quick, A. J. Hemophilia-like 

disease in the female. With a note on the clotting 
time of recalcified plasma. Am. J. M. Sc., 209: 
443-447, 1945. 

6. Quick, A. J. and Stefanini, M. Activation of plasma 

thromboplastinogen and evidence of an inhibitor. 
Ptoc. Soc. Exper. Biol. & Med., 67: 111—112, 1948. 

7. Quick, A. J. Congenital hypoprothrombinemia and 

pseudo-hypoprothrombinemia. Lancet, 2: 379, 

1947. 


Book Reviews 


The Parathyroid Glands and Metabolic Bone 
Disease. Selected Studies. By Fuller Albright, m.d. and 
Edward C. Reifenstein, Jr., m.d. 393 pages. Baltimore, 
1948. The Williams and Wilkins Company. Price S8.00. 

New publications of Fuller Albright and 
his associates at the Massachusetts General 
Hospital are always received with interest; 
this concise, authoritative monograph sum- 
marizes the group’s maj’or contributions 
to the field of calcium and phosphorus 
metabolism during the past two decades. 

Although emphasis is given to hyperpara- 
thyroidism, osteoporosis and osteomalacia, 
considerable information about other dis- 
eases of bone is included. The discursive 
style makes pleasant reading, the numerous 
illustrations are well chosen and the twenty- 
page bibliography covers most of the 
relevant literature. 

The chapter on physiology is short but 
adequate. Without ernbarking upon ex- 
tended technical discussions, the authors 
review the available evidence dealing with 
the action of the parathyroid glands and 
the formation and maintenance of bone. 
It is evident here, as stated in the preface, 
that their “hypotheses . . . are subject to 
change without notice.” Although the 
authors’ theories of parathormone action 
have been modified to include a direct 
action on bone, the recent work of Jahan 
and Pitts and of Stoerk may require that 
further modification be made . in the next 
edition. 

A few theoretical inconsistencies appear 
in the monograph; attention should be 
called to at least one of these: The dangers 
of metastatic calcification in chronic renal 
insufficiency are emphasized in the section 
on “parathyroid poisoning”; some para- 
graphs later, . however, treatment with 
alkali, vitamin D and a high calcium intake 
is recommended for the bone disease some- 
times accompanying this disorder. Although 
the resulting increase in calcium absorption 
from the intestinal tract may produce 
“spectacular” improvement in the osteitis 
fibrosa generalisata, progressive renal dam- 
age would seem inescapable. 


In the same chapter acidosis is held to be 
the cause of the bone disturbance in 
secondary hyperparathyroidism; the rela- 
tion of acidosis occurring in renal tubular 
disease without nitrogen retention to the 
associated osteomalacia is, however, not 
mentioned in the discussion of this disease. 
There is little question that the authors’ 
conception of the pathogenesis of the bone 
disorder accompanying renal tubular acido- 
sis will require some modification as new 
evidence is obtained. The value of tlieir 
contribution to the treatment of this dis- 
order, however, remains undisputed. 

There arc few publications in the field of 
bone disease in which as much fundamental 
information is so authoritatively presented 
and applied to clinical problems in so brief 
a space as in this monograph. It will be of 
interest to the practicing physician as well 
as to the student of bone disease. 

K.L.P. 

Communicable Disease Control. By Gaylor W. 
Anderson, and Margaret G. Arnstein, m.d., 2nd ed., 450 
pages. New York. Tlie Macmillan Co. Price S5.00. 

This second edition of an introductory 
reference book of preventive medicine 
brings to the reader an up-to-date account 
of the available control measures in the 
realm of communicable diseases. As is 
emphasized by the authors the material is 
primarily concerned with community pro- 
tection rather than with the handling of 
individual patients with infectious diseases. 

The first part of the book briefly covers 
the regulations and responsibilities of the 
various local, state and federal agencies, 
while the remaining sections evaluate the 
different control measures available in 
specific communicable diseases. 

For general public health purposes the 
subject is covered in great enough detail. 
For those wishing to pursue particular 
problems in greater detail the authors have 
included adequate references at the con- 
clusion of each chapter. 

A.R.L., JR. 
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